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ʂʦʩʪʠʥ ɺ.ɺ., ʧʨʝʟʠʜʝʥʪ ʆʆʆ çɸʚʠʘʪʝʭʩʥʘʙè; 
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ʃʘʨʠʯʢʠʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʀʥʞʝʥʝʨʥʳʝ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠè (ʀʇʕ) ʅɻʊʋ, ʘʢʘʜʝʤʠʢ ʄɸʅʕɹ; 

ʃʠʪʚʠʥʮʝʚʘ ɻ.ʇ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʥʦʤʠʢʠ; 

ʃʝʛʢʠʡ ɺ.ʅ., ʜ.ʪ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɸʚʪʦʥʦʤʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤè (ɸʀʋʉ) ʅɻʊʋ; 

ʃʝʚʠʥ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ  ʇʃɸ ʅɻʊʋ; 

ʄʠʣʝʚʩʢʠʡ ʂ.ɽ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ɻɼʋ ʅɻʊʋ,  ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ  ɸɺʅ; 

ʅʝʤʠʨʦʚʩʢʠʡ ʖ.ɺ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʊʇʄ ʉʆ 

ʈɸʅ,  ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ  ʯʣʝʥ ɸɺʅ; 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʳ ɸɻɼ; 

ʇʦʣʷʢʦʚ ʉ.ɸ., ʢ.ʶ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʧʨʦʮʝʩʩʘ, 

ʜʝʢʘʥ ʶʨʠʜʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ; 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ ʅɻʊʋ; 

ʉʘʣʝʥʢʦ ʉ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʅɻʊʋ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɸʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʠè (ɸɻɼ) ʅɻʊʋ; 

ʍʤʝʣʴʥʠʢʦʚ ɽ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ) ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʧʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʈʋʉʎ ʈɸʈɸʅ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʈɸʅ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ɸɺʅ; 

ʏʠʯʠʥʜʘʝʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʯʝʩʢʦʡ 

ʪʝʧʣʦʬʠʟʠʢʠè (ʊʊʌ) ʅɻʊʋ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʙʦʨʥʠʢʘ ʪʨʫʜʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʇʆ-2017è 

ʉʘʣʝʥʢʦ ʉ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ- ʧʨʝʜʩʝʜʘʪʝʣʴ 

ɸʪʘʧʠʥ ɺ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɹʘʣʘʛʘʥʩʢʠʡ ʀ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɻʫʩʴʢʦʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ- ʫʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʂʘʨʧʦʚʠʯ ɸ.ʀ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʦʙʝʡʥʠʢʦʚ ʉ.ʄ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʘʝʚ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʘʨʠʯʢʠʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʝʚʠʥ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʝʛʢʠʡ ɺ.ʅ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʇʦʣʷʢʦʚ ʉ.ɸ., ʢ.ʶ.ʥ., ʜʦʮʝʥʪ 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʏʠʯʠʥʜʘʝʚ ɸ.ɺ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 
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ʉɽʂʎʀʗ: ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ɺ 

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 
 

ʋɼʂ 621.791.13 

 

ʇʆʃʋʏɽʅʀɽ ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʄʇʆɿʀʎʀʁ Nb-

ʀʅʊɽʈʄɽʊɸʃʃʀɼ-Al  ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʊʆɼɸ ʉɺɸʈʂʀ 

ɺɿʈʓɺʆʄ ʀ ʇʆʉʃɽɼʋʖʑʀʄ ʆʊɾʀɻʆʄ  

 

ɸʣʠʢʠʥʘ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ, ʩʪʫʜʝʥʪ; ʌʦʤʠʥʘ ɼʘʨʴʷ ɽʚʛʝʥʴʝʚʥʘ, ʩʪʫʜʝʥʪ; 

ɹʫʙʣʠʢʦʚʘ ʍʨʠʩʪʠʥʘ ʄʠʭʘʡʣʦʚʥʘ, ʩʪʫʜʝʥʪ; ʇʦʟʜʥʷʢʦʚ ʉʪʘʥʠʩʣʘʚ 

ɺʣʘʜʠʤʠʨʦʚʠʯ, ʩʪʫʜʝʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

ɸʣʠʢʠʥʘ M.ʉ., e-mail am.unimail@mail.ru 

ʌʦʤʠʥʘ ɼ.E., e-mail gaga.95@mail.ru 

ɹʫʙʣʠʢʦʚʘ ʍ.M., e-mail khris95@mail.ru 

ʇʦʟʜʥʷʢʦʚ ʉ.ɺ., e-mail s.t.a.s.13.3@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʦʣʴʛʠ ʥʠʦʙʠʷ 

ʠ ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ. ʊʘʢ ʢʘʢ ʚʨʝʤʷ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʢʨʦʩʝʢʫʥʜʘʭ, ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʝ ʫʩʧʝʚʘʝʪ ʟʘʚʝʨʰʠʪʴʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʦʩʪʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʞʠʛ 

ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʦʙʨʘʟʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 620-850 Áʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʧʨʦʩʣʦʝʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 

750 Áʉ ʠ ʚʳʰʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʩʣʦʠ ʠʤʝʶʪ ʪʚʝʨʜʦʩʪʴ ʧʨʝʜʝʣʘʭ 400-530 HV, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʪʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ 
ʥʠʦʙʠʡ, ʘʣʶʤʠʥʠʡ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ, ʦʪʞʠʛ 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʧʨʦʩʣʦʡʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʥʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʢʘʞʜʳʡ ʩʦʩʪʘʚʥʦʡ 

ʵʣʝʤʝʥʪ ʢʦʤʧʦʟʠʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ [1]. ʉʠʩʪʝʤʘ Nb-Al, ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʚ ʨʘʙʦʪʝ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ 
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ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Al.Â ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ. ʊʘʢʞʝ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʫʧʨʦʯʥʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʪʘʭ. ɺʩʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʠʩʪʝʤʳ Nb-Al  ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ [2-6]. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʙʦʣʝʝ ʜʝʰʝʚʳʤ [1].  

ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʨʘʩʩʣʘʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʚʳʟʚʘʥʥʫʶ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʢʦʥʪʘʢʪʦʚ ʩʦʝʜʠʥʷʝʤʳʭ ʟʘʛʦʪʦʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʚʘʨʢʠ ʠ ʝʸ ʤʠʥʠʤʘʣʴʥʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʩʚʘʨʠʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʧʨʦʩʣʦʝʢ, ʠʤʝʶʱʠʭ ʫʣʴʪʨʘʤʝʣʢʦ- ʠʣʠ 

ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʠʷ ʠ 

ʘʣʶʤʠʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʧʨʦʩʣʦʡʢʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʦʣʴʛ ʥʠʦʙʠʷ ʤʘʨʢʠ ʅʙ-

1 ʠ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ5, ʪʦʣʱʠʥʘ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 0,2 ʤʤ. ʉ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ, ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʩʣʦʠ ʙʳʣʠ 

ʦʙʨʘʟʦʚʘʥʳ ʪʠʪʘʥʦʚʳʤʠ ʩʧʣʘʚʘʤʠ ɺʊ14 ʠ ʆʊ4 ʪʦʣʱʠʥʦʡ 0,6 ʠ 0,3 ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʠʣʦ 1 ʤʤ. ɺʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʦʤ ʷʚʣʷʣʩʷ 

ʘʤʤʦʥʠʪ ʤʘʨʢʠ 6ɾɺ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 15 ʤʤ (ʨʠʩ. 1). ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ ï 2,6 ʢʤ/ʩ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ Nb ʠ Al 



 
 

7 
 

 

ʇʦʣʫʯʝʥʥʳʝ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʢʦʤʧʦʟʠʪʳ ʧʦʜʚʝʨʛʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʦʪʞʠʛʫ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 620-850 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʩ ʮʝʣʴʶ 

ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʨʦʩʪʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʥʠʦʙʠʝʤ ʠ 

ʘʣʶʤʠʥʠʝʤ. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ SNOL 7,2/1100. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʠʭ ʦʙʤʘʟʳʚʘʣʠ ʛʠʧʩʦʤ. 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʳʨʝʟʘʥʥʳʭ ʚ ʧʨʦʜʦʣʴʥʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʬʨʦʥʪʘ ʚʦʣʥʳ, ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʟʮʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʠʢʨʦʰʣʠʬʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Axiovert 40 MAT ʬʠʨʤʳ Carl Zeiss ʚ ʨʝʞʠʤʝ ʩʚʝʪʣʦʛʦ ʧʦʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʫʚʝʣʠʯʝʥʠʡ ʦʪ 100 ʜʦ 1000 ʢʨʘʪ.   

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʥʘ ʧʨʠʙʦʨʝ Wolpert Group 

402 MVD. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ. ʅʘʛʨʫʟʢʘ ʥʘ ʠʥʜʝʥʪʦʨ 

ʩʦʩʪʘʚʣʷʣʘ 0,1 ʅ. ʋʢʦʣʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤʢʤ, ʢʘʢ ʚ ʩʣʦʷʭ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʚ ʤʠʢʨʦʦʙʲʝʤʘʭ ʩʚʘʨʥʳʭ ʰʚʦʚ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʢʘʞʜʦʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʜʦʨʦʞʢʠ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʦ 30-35 ʫʢʦʣʦʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ). 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ Nb-Al , 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʠʮʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʣʦʷʤʠ ʢʦʤʧʦʟʠʮʠʠ, 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʣʥʦʚʦʝ ʩʪʨʦʝʥʠʝ. ɺʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʨʝʱʠʥʳ, ʧʦʨʳ, ʥʝʧʨʦʚʘʨʳ ʠ ʪ.ʜ. ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʳʣʠ. 

 

   
 ʘ) ʙ) 

ʈʠʩ. 2. ʄʥʦʛʦʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ, ʙ ï ʟʦʥʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʅʙ-1/ɸ5/ʅʙ-1 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʦʞʞʝʥʥʳʭ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 

750 Áʉ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʣʦʝʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 750 Áʉ ʠ 

ʚʳʰʝ ʦʪʤʝʯʝʥ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ï ʥʘ ʛʨʘʥʠʮʝ Nb-Al  ʧʦʷʚʣʷʝʪʩʷ ʩʧʣʦʰʥʘʷ 

ʧʨʦʩʣʦʡʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ ʚʠʭʨʝʚʳʭ ʟʦʥ, 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʡ ʩʣʦʡ 

ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʚʛʣʫʙʴ ʘʣʶʤʠʥʠʷ ʥʘ ʪʦʣʱʠʥʫ 10-20 ʤʢʤ. ʉ ʜʘʣʴʥʝʡʰʠʤ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʦ 850 Áʉ ʠʜʫʪ ʘʢʪʠʚʥʳʝ ʜʠʬʬʫʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʡ ʩʣʦʡ ʚʳʨʦʩ ʥʘ 30-50 ʤʢʤ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʦʩʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ Al ʬʦʣʴʛʠ, ʧʨʠ ʵʪʦʤ ʩʧʣʦʰʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

 

 
 ʘ) ʙ) ʚ) 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ: 

ʘ ï 750, ʙ ï 800, ʚ ï 850 Áʉ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʨʠʩʫʥʦʢ 4 ʘ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʩʣʦʠ ʠʤʝʶʪ ʪʚʝʨʜʦʩʪʴ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʱʫʶ 

ʪʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 400-530 HV. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʤ ʩʣʦʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʚʦʢʨʫʛ ʫʢʦʣʘ (ʨʠʩʫʥʦʢ 4 ʙ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʠʷ ʠ 

ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 580-910 HV ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ [8], ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʣʦʡ ʩʦʩʪʦʷʣ ʢʘʢ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʠʟ 

ʘʣʁʤʠʥʠʷ, ʪʚʝʨʜʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʤʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ 

ʢʦʤʧʦʟʠʪ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ.  
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  ʘ)       ʙ) 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ: 

ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʙ ï 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʚʦʢʨʫʛ ʫʢʦʣʘ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʤ ʩʣʦʝ. ʉɺ ï ʦʙʨʘʟʮʳ ʧʦʩʣʝ 

ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ 

 

4. ɺʳʚʦʜʳ 

1. ʄʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʥʠʦʙʠʝʚʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʬʦʣʴʛ, ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʥʘ ʛʨʘʥʠʮʝ ʠʤʝʶʪ ʙʝʟʜʝʬʝʢʪʥʦʝ ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ; 

2. ɿʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ çʥʠʦʙʠʡ-

ʘʣʶʤʠʥʠʡè ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʪʞʠʛʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 750 

Áʉ; 

3. ʊʚʝʨʜʦʩʪʴ ʧʨʦʩʣʦʡʢʠ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʩʣʝ ʦʪʞʠʛʦʚ ʠ ʩʦʩʪʦʷʱʝʡ 
ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʠʣʘ 400-530 HV. 
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Abstract 

Current research presents the results of microstructural studies and mechanical 

properties of multilayered materials consisting of niobium and aluminum foils. 

Compositions were produced by explosive welding. Because of high-speed of 

explosive welding technology the homogenization has no time to be completed, 

which results in the additional heat treatment for activation of diffusion processes and 

growth of intermetallic layer at the interface between materials. Thus, in research 

post annealing of explosively welded compositions was carried out in the temperature 

range of 620-850 ÁC. It was found that intensive growth of intermetallic layers begins 

with 750 Áʉ and higher. Results of microhardness measurements haves shown that 

hardness of formed intermetallic layers was 450-530 HV. These values were in 

several times greater than that of initial materials. 

. 

Keywords 

niobium, aluminum, explosive welding, intermetallic layer, annealing 

  

http://www.sciencedirect.com/science/article/pii/092150939290089J
mailto:am.unimail@mail.ru
mailto:gaga.95@mail.ru
mailto:khris95@mail.ru
mailto:s.t.a.s.13.3@mail.ru


 
 

11 
 

ʋɼʂ 621.691.92: 669.018.25 

 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɺʓʉʆʂʆʋɻʃɽʈʆɼʀʉʊʓʍ ʉʃʆɽɺ, 

ʇʆʃʋʏɽʅʅʓʍ ʕʃɽʂʊʈʆʅʅʆ-ʃʋʏɽɺʆʁ ʅɸʇʃɸɺʂʆʁ 

ʋɻʃɽʈʆɼʅʆɻʆ ɺʆʃʆʂʅɸ ʅɸ ʉʊɸʃʔ 
 

ɹʘʨʜʠʥ ɸʣʝʢʩʝʡ ʀʛʦʨʝʚʠʯ, ʩʪʫʜʝʥʪ, 

ʃʦʩʠʥʩʢʘʷ ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʃʦʞʢʠʥʘ ɽʣʝʥʘ ɸʣʝʢʩʝʝʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅɻʊʋ, 630073, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂ. ʄʘʨʢʩʘ, 20 

alexxeixxx13@yandex.ru 

anna.losinskaya@mail.ru 

helens_case@ngs.ru 

ɸʥʥʦʪʘʮʠʷ 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʣʘʚʢʦʡ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ ʥʘ ʩʪʘʣʴ ʣʫʯʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʚʚʝʜʝʥʥʦʤ ʚ ʚʦʟʜʫʰʥʫʶ ʘʪʤʦʩʬʝʨʫ. 

ɻʣʫʙʠʥʘ ʫʧʨʦʯʥʸʥʥʳʭ ʩʣʦʸʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,5 ʜʦ 3 ʤʤ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 20 ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ ʠ 

ʟʘʢʘʣʢʠ ʩ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ. ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʝʚ. ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ 

ʧʨʝʚʦʩʭʦʜʠʪ 5000 ʄʇʘ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʝʚʳʰʘʝʪ 50 ɼʞ/ʩʤ
2
. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʩʪʘʣʴ, ʮʝʤʝʥʪʘʮʠʷ, ʵʣʝʢʪʨʦʥʥʳʡ ʣʫʯ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʠʟʥʦʩʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʥʘʧʨʠʤʝʨ, 

ʮʝʤʝʥʪʘʮʠʷ. ʕʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʩʦʢʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʙʦʣʴʰʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ [1]. ɺʟʘʤʝʥ ʝʡ ʧʨʠʭʦʜʷʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʥʦʛʦ, ʠʦʥʥʦʛʦ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʧʣʘʟʤʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [2-8]. ʂʘʞʜʳʡ ʠʟ 

ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ 

ʠʜʸʪ ʦ ʥʘʧʣʘʚʢʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʬʠʟʠʢʘ ʧʨʦʮʝʩʩʦʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ [9]. ʊʝʭʥʦʣʦʛʠʷ 

ʚʥʝʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʚʦʧʨʦʩʝ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʂʇɼ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʣʫʯʘ [10].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ 

ʤʝʪʦʜʦʤ ʚʥʝʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʚʳʩʦʢʘ 
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[11, 12]. ʇʨʠʤʝʥʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʣʷ ʥʘʧʣʘʚʢʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[13-15], ʦʜʥʘʢʦ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ, ʫʜʝʣʷʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʫʩʢʦʨʝʥʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʩʪʘʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʦ ʤʝʪʦʜʫ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʦʛʦ ʦʧʣʘʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʵʣʝʢʪʨʦʥʦʚ ʕʃɺ-6 ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʗʌ ʉʆ ʈɸʅʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

2. ʄʝʪʦʜʠʢʘ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʥʝʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ GG 210-P ʧʦʣʫʯʘʣʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʦʠ ʥʘ ʩʪʘʣʠ 20 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʕʃɺ-6. ʉʫʱʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʚʥʝʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, 

ʚʳʚʦʜʠʪʩʷ ʚ ʚʦʟʜʫʰʥʫʶ ʘʪʤʦʩʬʝʨʫ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʚ ʟʦʥʝ 

ʦʙʨʘʙʦʪʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʚʝʩʪʠ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʚ ʚʦʟʜʫʰʥʫʶ ʘʪʤʦʩʬʝʨʫ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʩʦʢʘʷ ʵʥʝʨʛʠʷ ʣʫʯʘ ʠʤʝʝʪ ʂʇɼ 

ʜʦ 75 %, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʡʯʘʩ ʤʝʪʦʜʦʚ [16]. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠʤʝʥʷʣʠ ʦʩʦʙʦ ʯʠʩʪʳʡ 

ʧʦʨʦʰʦʢ ʞʝʣʝʟʘ, ʢʘʢ ʩʤʘʯʠʚʘʶʱʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʣʶʩ ʠ 

ʢʣʝʡ. ʂʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʜʫʚʘʥʠʷ ʥʘʧʣʘʚʣʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʤʝʩʴ ʩʚʷʟʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʩ ʧʦʨʦʰʢʘʤʠ ʞʝʣʝʟʘ ʠ ʬʣʶʩʘ ʥʘʥʦʩʠʣʘʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ 

ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʣʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʩʤʝʩʠ ʧʦʚʝʨʭ ʜʚʫʭ ʩʣʦʝʚ ʚʦʣʦʢʥʘ, ʚʪʦʨʦʡ 

ʩʧʦʩʦʙ ʙʳʣ ʜʦʧʦʣʥʝʥ ʥʘʥʝʩʝʥʠʝʤ ʩʤʝʩʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʦʣʦʢʥʘ. ʉʦʩʪʘʚ 

ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ: 13 % (ʤʘʩʩ.) ʫʛʣʝʨʦʜʘ, 37 % (ʤʘʩʩ.) ʞʝʣʝʟʘ ʠ 50 % 

(ʤʘʩʩ.) ʬʣʶʩʘ, 100 % (ʤʘʩʩ.) ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʣʘʩʴ ʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ. ʇʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʩʫʰʠʣʠʩʴ ʚ ʧʝʯʠ ʧʨʠ 40 Áʉ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ 

ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 90 ʤʤ ʦʪ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʕʥʝʨʛʠʷ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 1,4 ʄʵɺ, ʪʦʢ ʧʫʯʢʘ ï 8 ʠ 10 ʤɸ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʭʦʜʠʣʘ ʚ 

ʜʦʨʦʞʝʯʥʦʤ ʨʝʞʠʤʝ, ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʠ 25 ʤʤ/ʩ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ AxioObserverA1m ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʭ25 

ʜʦ ʭ1000. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ WolpertGroup 402MVD ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 9450-76. ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʧʣʘʚʣʝʥʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ Metrocom. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʤʘʷʪʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 300 ɼʞ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʥʘʧʣʘʚʢʠ ʷʚʣʷʶʪʩʷ ʩʣʦʠ ʪʦʣʱʠʥʦʡ ʜʦ 3,3 ʤʤ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 2,2 %. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʣʝʜʫʶʱʝʝ ʩʪʨʦʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ: 

ʚʝʨʭʥʠʡ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʩʣʦʡ, ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʟʦʥʘ ʦʩʥʦʚʥʦʛʦ 

ʥʝʠʟʤʝʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʘʭ. 1 ʠ 2. ɺ ʩʪʨʫʢʪʫʨʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ  ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʣʠʪ, ʚʪʦʨʠʯʥʳʡ ʮʝʤʝʥʪʠʪ ʠ ʣʝʜʝʙʫʨʠʪ. ʌʘʟʘ 

ʚʪʦʨʠʯʥʦʛʦ ʮʝʤʝʥʪʠʪʘ ʠʤʝʝʪ ʚʠʜʤʘʥʰʪʝʪʪʦʚʫ ʤʦʨʬʦʣʦʛʠʶ. ɿʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʣʠʪʘ ʠ ʬʝʨʨʠʪʘ ʚʠʜʤʘʥʰʪʝʪʪʦʚʘ ʪʠʧʘ. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʢʠ ʩ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʦʡ 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ 

 

ʊʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʦʩʪʠʛʘʝʪ 6000 ʄʇʘ. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡʩʪʚʘʤ 

ʩʪʘʣʠ 20 ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ ʩ ʟʘʢʘʣʢʦʡ ʩ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 

3. 

ʄʘʢʩʠʤʘʣʴʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 20 ʩ 

ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 125 ɼʞ/ʩʤ2. ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ 

ʩʣʦʝʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 

ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦ ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʠ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʇʦʩʣʝ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʥʘʧʣʘʚʢʠ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ 20 ʩ 
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ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʣʦʷʤʠ ʚ 2,5 ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʥʝʫʧʨʦʯʥʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

 

4.ɺʳʚʦʜʳ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʨʘʟʳ ʚʳʰʝ, ʥʝʞʝʣʠ ʫ ʮʝʤʝʥʪʘʮʠʠ. 

ʄʠʥʫʩʘʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʧʨʠʣʠʯʥʳʝ ʛʘʙʘʨʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢ ʞʝ ʚʳʩʦʢʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʥʦʛʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʢʘʟʘʣʠʩʴ ʣʫʯʰʝ, ʯʝʤ ʦʞʠʜʘʣʠʩʴ. 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʩʪʠʥ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʣʘʛʘʶʪʩʷ 

ʢʦ ʤʥʦʛʠʤ ʜʝʪʘʣʷʤ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʚ 

ʩʚʷʟʢʝ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 
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Abstract 

This article considers the formation of the high-carbon layers on the low-

carbon steel (0.18 % ʉ) by use of the method of electron-beam partial melting of the 

carbon fibers. For the formation of layers was used a 1.4 MeV electron beam that was 

extracted into air. Also was studied the features of the cladded layers formation by 

use of different binders for a reliable fixation of the cladding material. It is 

determined that the best results are obtained using the phenol-formaldehyde glue as 

the binder. It is determined that the best results are obtained using the phenol-

formaldehyde glue as the binder. A 3 mm thickness layers with 2.2 % C are shown to 

be formed. In friction tests against fixed abrasive particles, the wear-resistance of the 

cladding layers was close to the wear resistance of pack-carburized specimens. The 

fracture toughness of samples exceeds 50 J/cm2. The hardness of the surface layer 

exceeds 5000 MPa. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʢʨʳʪʠʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ 

(B4C), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ.  ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʢʠ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʧʣʘʢʠʨʦʚʘʥʥʳʝ 30 ʠ 40 ʤʘʩ. % Ni ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʩ 40 ʤʘʩ. % Ni. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʩʭʦʞʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ: ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʥʘ ʦʩʥʦʚʝ ʙʦʨʠʜʦʚ ʥʠʢʝʣʷ (Ni3B, 

Ni2B, NiB). ɼʣʷ ʧʦʢʨʳʪʠʡ ʠʟ ʧʣʘʢʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʛʝʟʠʠ. ʊʘʢʞʝ, ʚ ʜʘʥʥʳʭ ʧʦʢʨʳʪʠʷʭ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʢʦʪʦʨʳʭ 

ʥʠʞʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʢʘʨʙʠʜ ʙʦʨʘ,B4C, ʧʣʘʢʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ, 

ʧʦʢʨʳʪʠʷ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ (B4C). ʂʘʨʙʠʜ ʙʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ [1-

3]. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʥʠʢʝ [1, 2]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ 

ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ [4, 5]. ɺʳʙʦʨ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ ʚʳʙʦʨʘ, ʢʘʢ ʠ ʥʘʧʳʣʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʘʢ ʠ ʧʦʜʣʦʞʝʢ.ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

mailto:vikabezrukova1995@mail.ru
mailto:mystery22@inbox.ru
https://vk.com/write?email=lightkrio@gmail.com
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ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʘʢʪʠʚʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʢʨʳʪʠʝʤ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ.ʊʘʢʞʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʠʟʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ B4Cʥʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʯʠʩʪʦʛʦ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʢ ʧʦʨʦʰʢʫ ʢʘʨʙʠʜʘ ʙʦʨʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, Ni, Co, Ti, Al , Cu [6].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡB4C-Ni. 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʢʠ 

B4C (80 ʘʪ. % B ʠ 20 ʘʪ. % C), ʧʣʘʢʠʨʦʚʘʥʥʳʡ 30 (30Ni(ʧ)) ʠ 40 (40Ni(ʧ)) ʤʘʩ. % 

Ni ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ B4C (80 ʘʪ. % B ʠ 20 ʘʪ. % C) ʩ ʜʦʙʘʚʢʦʡ 40 ʚʝʩ. 

% Ni. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʜʦ 100 ʤʢʤ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʚʦʟʜʫʰʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʢʦʣʴʮʝʚʳʤ ʚʚʦʜʦʤ ʧʦʨʦʰʢʘ. 

ʇʦʨʦʰʢʠ ʥʘʧʳʣʷʣʠ ʥʘ ʪʨʫʙʳ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 20 ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 3 ʤʤ. ʅʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʚ 

ʀʥʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʉʆ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ çʊʝʨʤʦʧʣʘʟʤʘ 50-01è. ɺ 

ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʟʜʫʭ, 

ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ï ʩʤʝʩʴ ʚʦʟʜʫʭʘ ʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ. ʈʝʞʠʤʳ ʥʘʧʳʣʝʥʠʷ: 

ʩʠʣʘ ʪʦʢʘ ï 180 ɸ, ʥʘʧʨʷʞʝʥʠʝ ï 265 ɺ, ʜʠʩʪʘʥʮʠʷ ʥʘʧʳʣʝʥʠʷ ï 170 ʤʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʧʦʜʚʝʨʛʘʣʠ ʧʝʩʢʦʩʪʨʫʡʥʦʡ 

ʦʙʨʘʙʦʪʢʝ.  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

CarlZeissAxioObserver A1m.ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʠ ʪʦʥʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

CarlZeiss EVO50 XVP ʥʘ ʤʠʢʨʦʰʣʠʬʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ EDS 

X-Act. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL X'TRA ʚ CuKŬ ʠʟʣʫʯʝʥʠʠ.ʆʙʨʘʟʮʘʤʠ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʣʠ ʧʦʧʝʨʝʯʥʳʝ ʤʠʢʨʦʰʣʠʬʳ, 

ʟʘʧʨʝʩʩʦʚʘʥʥʳʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʚ ʧʨʝʩʩʝ ʜʣʷ ʟʘʣʠʚʢʠ ʦʙʨʘʟʮʦʚ 

BuehlerSimpliMet 1000 ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʨʘʚʠʪʝʣʷ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 

ʤʣ HCl, 0.1 ʤʣ HNO3 ʠ 10 ʛ FeCl3. 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘWolpertGroup 402MVD ʩ 

ʫʩʠʣʠʝʤ 25 ʛ.   
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 1000é1200 ʤʢʤ (ʨʠʩ. 1 (ʘ)). ʉʚʝʪʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ (1 ʥʘ ʨʠʩ. 1 (ʙ)) ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʥʝʡ ʥʝʨʘʩʧʣʘʚʠʚʰʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ (2 ʥʘ ʨʠʩ. 1(ʙ)). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʨʘʩʧʣʘʚʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ ï ʵʪʦ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʥʝ ʫʩʧʝʣʠ ʨʘʩʧʣʘʚʠʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ. ʇʦʢʨʳʪʠʷ 30Ni(ʧ) ʠ 40Ni(ʧ) ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ.ɺ ʧʦʢʨʳʪʠʠ ʠʟ 40Ni(ʛ)ʥʝʨʘʩʧʣʘʚʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʢʦʥʛʣʦʤʝʨʠʨʦʚʘʥʥʳʝ 

ʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʯʘʩʪʠʯʥʦʤʫ ʚʳʢʨʘʰʠʚʘʥʠʶ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʤʠʢʨʦʰʣʠʬʦʚ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʩʚʷʟʘʥʦ ʩʦ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʨʦʰʢʘ. 

  
ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ: ʘ) 

ʧʘʥʦʨʘʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ) ʧʦʢʨʳʪʠʝ ʠʟ 30Ni(ʧ) 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʰʢʠ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʘʟʫB4C. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʚ ʧʦʢʨʳʪʠʷʭ ʬʘʟ NiB (30Ni(ʧ), 40Ni(ʧ)), Ni3B (30Ni(ʧ), 40Ni(ʧ), 

40Ni(ʛ)), Ni2B (40Ni(ʛ)). ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʘʟʳ B2O3ʠ NiO.  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ, 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʝʨʘʩʧʣʘʚʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ ï ʵʪʦ ʯʘʩʪʠʮʳ B4C (1 ʥʘ ʨʠʩ. 2). 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʙʦʨʠʜʳ ʥʠʢʝʣʷ (NiB, Ni3B ʠNi2B). 

ʆʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ï ʧʦʨʳ ʠ ʤʝʩʪʘ ʩ 

ʚʳʢʨʘʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (3 ʥʘ ʨʠʩ. 2). ʊʘʢʞʝ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ 

ʪʨʘʚʣʝʥʠʷ ʚ ʧʦʢʨʳʪʠʷʭ 30Ni(ʧ) ʠ 40Ni(ʧ) ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ, ʠʤʝʶʱʠʝ ʵʚʪʝʢʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (4 ʥʘ ʨʠʩ. 4).  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʵʚʪʝʢʪʠʢʘ ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʝʡ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚʦ ʚʩʝʭ ʧʦʢʨʳʪʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [6]. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʝʡ 

ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʷ 30Ni(ʧ) ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 

 

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʝʡ ʧʦʢʨʳʪʠʡ, ɻʇʘ 

ʇʦʢʨʳʪʠʝ B4C ʄʘʪʨʠʮʘ ʕʚʪʝʢʪʠʢʘ 

30Ni(ʧ) 30é50 4é5,7 2é3 

40Ni(ʧ) 30é50 4é5 2é3 

40Ni(ʛ) 38é50 3,6é5 - 

 

ɺʳʚʦʜʳ 

1. ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʨʘʩʧʣʘʚʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ 

ʢʘʨʙʠʜʘ ʙʦʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚ ʦʙʲʝʤʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. 

2. ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʙʦʨʠʜʦʚ ʥʠʢʝʣʷ. 

3. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 30...50 ɻʇʘ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ 

ʧʦʢʨʳʪʠʷʭ. 
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THE STRUCTURAL FEATURES AND PROPERTIES OF B 4C-Ni PLASMA 

COATINGS 
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Abstract 

In this study we investigated the coatings on the B4C base obtained by air 

plasma spraying. We used nickel-clad B4C powders with 30 and 40 wt. % of nickel 

and granular B4C powder with 40 wt. % of Ni. Metallographic analysis shown that all 

coatings had similar microstructure: metal matrix from nickel borides (Ni3B, Ni2B, 

NiB) with the regularly spaced B4C particles. The coatings from the nickel clad 

powders had higher cohesion. Moreover, areas with the eutectic structure was found 

in these coatings after the etching. It was established that the microhardness of areas 

with the eutectic structurewere lower than microhardness of the metal matrix. 

 

Keywords 

boron carbide, B4C, cladding powder, granular powder, coating, plasma 
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ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʪʫʣʢʠ (ʛʠʣʴʟʳ) ʮʠʣʠʥʜʨʦʚ ʜʠʟʝʣʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʤ 

ʜʝʪʘʣʷʤ. ʆʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʥʦʩʫ ʦʪ ʪʨʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʢʦʣʝʮ ʧʦʨʰʥʷ. 

ʇʨʦʮʝʩʩ ʪʨʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʩʤʘʟʢʘ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʨʢʘʣʘ ʚʪʫʣʢʠ ʧʨʠ ʢʘʞʜʦʤ ʨʘʙʦʯʝʤ ʭʦʜʝ ʯʘʩʪʠʯʥʦ 

ʩʛʦʨʘʝʪ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ ʧʦʣʫʩʫʭʦʝ ʪʨʝʥʠʝ. 

ʊʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʦʪ ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʤʘʩʣʘ ʠ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʦʚ ʠʟʥʦʩʘ ʤʝʪʘʣʣʘ. 

ʀʟʥʦʩʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʨʨʦʟʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʟʝʨʢʘʣʝ ʚʪʫʣʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʦʩʦʙʦ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʮʠʣʠʥʜʨʦʚʘʷ ʚʪʫʣʢʘ ʨʘʙʦʪʘʝʪ ʚ ʧʝʨʠʦʜ ʧʫʩʢʘ 

ʠ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʚʪʫʣʢʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʪʥʘʷ 

ʢʦʨʨʦʟʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʝ ʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʦʢ 

ʚʪʫʣʢʠ, ʢʦʛʜʘ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʩʪʠʨʘʶʪ ʤʝʪʘʣʣ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʢʦʨʨʦʟʠʠ. ɺ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. ʉʝʨʥʠʩʪʳʡ ʛʘʟ, ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ, ʩʦʝʜʠʥʷʷʩʴ ʩ ʚʣʘʛʦʡ, ʦʙʨʘʟʫʝʪ ʩʝʨʥʫʶ ʠ 

ʩʝʨʥʠʩʪʫʶ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʠ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ ʩʪʝʥʦʢ ʚʪʫʣʢʠ. 

 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦ ʚʳʩʦʪʝ ʚʪʫʣʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ 

ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʨʘʡʦʥʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʝʨʭʥʠʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʢʦʣʝʮ ʧʨʠ ʧʦʣʦʞʝʥʠʠ 

ʧʦʨʰʥʷ ʚ ʚʝʨʭʥʝʡ ʤʝʨʪʚʦʡ ʪʦʯʢʝ (ʨʠʩʫʥʦʢ 1). 
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ʅʘʠʙʦʣʴʰʠʡ ʠʟʥʦʩ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʚʝʨʭʥʠʭ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ ʥʘ ʩʪʝʥʢʠ ʮʠʣʠʥʜʨʘ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʩʤʘʟʢʠ ʠʟ-ʟʘ ʢʦʢʩʦʚʘʥʠʷ ʤʘʩʣʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʠʤ 

ʢʦʨʨʦʟʠʦʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʍʘʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ ʚʪʫʣʢʠ 

ʧʦ ʚʳʩʦʪʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʣʘ ʧʦ ʝʝ ʟʝʨʢʘʣʫ. ʇʨʠ ʩʤʘʟʢʝ ʮʠʣʠʥʜʨʦʚ 

ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ ʥʠʞʥʷʷ ʯʘʩʪʴ ʚʪʫʣʢʠ ʩʤʘʟʳʚʘʝʪʩʷ ʦʙʠʣʴʥʦ, ʘ ʚʝʨʭʥʷʷ - ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ çʥʘʩʦʩʥʦʛʦè ʜʝʡʩʪʚʠʷ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ, ʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʤʘʩʣʦʩʲʝʤʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʀʟʥʘʰʠʚʘʥʠʝ ʮʠʣʠʥʜʨʦʚʦʡ ʚʪʫʣʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʣʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʦʚ ʧʦ ʭʦʜʫ ʧʦʨʰʥʷ. 

ʅʦʨʤʘʣʴʥʳʡ ʠʟʥʦʩ ʚʪʫʣʢʠ ʟʘ 1000 ʯ ʨʘʙʦʪʳ ʧʦʩʣʝ ʝʝ ʧʨʠʨʘʙʦʪʢʠ ʫ 

ʯʝʪʳʨʝʭʪʘʢʪʥʳʭ ʜʠʟʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 0,02-0,04 ʤʤ, ʫ ʜʚʫʭʪʘʢʪʥʳʭ ï 0,06-0,12 ʤʤ. 

ɼʦʧʫʩʪʠʤʳʡ ʧʨʝʜʝʣʴʥʳʡ ʠʟʥʦʩ ʚʪʫʣʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,5-0,8% ʝʝ ʜʠʘʤʝʪʨʘ, ʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ï ʥʝ ʙʦʣʝʝ 1% ʜʠʘʤʝʪʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʪʫʣʢʘ ʧʦʜʣʝʞʠʪ ʟʘʤʝʥʝ. 

ʀʟʥʘʰʠʚʘʥʠʝ ʚʪʫʣʢʠ ʧʦ ʜʠʘʤʝʪʨʫ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʟʥʘʰʠʚʘʥʠʝʤ 

ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ ʠ ʪʨʦʥʢʘ ʧʦʨʰʥʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʟʦʨʦʚ ʤʝʞʜʫ 

ʚʪʫʣʢʦʡ ʠ ʧʦʨʰʥʝʤ ʚ ʩʪʳʢʘʭ ʢʦʣʝʮ ʠ ʥʘʨʫʰʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠʣʝʛʘʥʠʷ 

ʧʦʩʣʝʜʥʠʭ ʢ ʟʝʨʢʘʣʫ ʮʠʣʠʥʜʨʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʨʳʚ ʛʘʟʦʚ ʚ ʢʘʨʪʝʨ. 

ʇʦʚʳʰʘʝʪʩʷ ʫʛʘʨ ʤʘʩʣʘ ʠ ʫʭʫʜʰʘʶʪʩʷ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʧʨʠʛʦʨʘʶʪ ʠ 

ʟʘʢʦʢʩʦʚʳʚʘʶʪʩʷ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʫʩʢ ʠ ʩʥʠʞʘʝʪʩʷ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʦ ʚʳʩʦʪʝ 

ʮʠʣʠʥʜʨʦʚʦʡ ʚʪʫʣʢʠ ʪʨʦʥʢʦʚʳʭ ʜʠʟʝʣʝʡ ʧʦʩʣʝ 1000 ʯʘʩʦʚ ʨʘʙʦʪʳ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʤʘʪʝʨʠʘʣʫ ʚʪʫʣʦʢ ʮʠʣʠʥʜʨʦʚ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʮʝʣʳʡ 

ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʥʝʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʨʦʩʪʦʫʩʪʦʡʯʠʚʦʩʪʴ). 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʝ 

ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʣʦʢʘʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʛʫʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʫʪʸʤ ʦʙʨʘʙʦʪʢʠ 

ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ (ʨʠʩʫʥʦʢ 2). ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 3 ʢɺʪ ʉʆ2ïʣʘʟʝʨ ʃʆʂ-3ʄʌ [3] ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ 25 - 80 ʢɺʪ/ʩʤ2. 

ʇʨʠ ʣʦʢʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠʤʝʶʪ 

ʤʝʩʪʦ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ɻʣʫʙʠʥʘ ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʘʭ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 100 ï 

200 ʤʢʤ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʣʫʯʘ ʥʘʛʨʝʪʳʡ ʫʯʘʩʪʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ 

ʭʦʣʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʯʪʠ ʩʪʦʣʴ ʞʝ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ. 

ʋʩʢʦʨʝʥʥʳʡ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʩʪʦʣʴ ʞʝ ʙʳʩʪʨʦʝ ʧʦʩʣʝʜʫʶʱʝʝ 

ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʦʙʳʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʪʨʫʢʪʫʨ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ  

 

ʊʚʸʨʜʦʩʪʴ ʟʘʢʘʣʸʥʥʳʭ ʩʣʦʸʚ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʝʚʳʰʘʝʪ 

ʪʚʸʨʜʦʩʪʴ, ʜʦʩʪʠʞʠʤʫʶ ʧʨʠ ʜʨʫʛʠʭ ʚʠʜʘʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺʳʩʦʢʫʶ 

ʪʚʸʨʜʦʩʪʴ ʠʤʝʝʪ ʢʘʢ ʩʣʦʡ, ʟʘʢʘʣʸʥʥʳʡ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿɾʉ, ʪʘʢ ʠ ʩʣʦʡ, 

ʥʘʛʨʝʪʳʡ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʦ ʘʫʩʪʝʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿʊʉ. 

ɻʣʫʙʠʥʘ ʟʘʢʘʣʸʥʥʳʭ ʩʣʦʸʚ ʧʨʠ ʧʨʦʯʠʭ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʠʪʳʚʘʣʠ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʟʘʢʘʣʢʦʡ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʞʝʣʘʪʝʣʴʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʫʩʘʜʦʯʥʳʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ. 

ʅʘʠʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʦʡʢʦʛʦ ʢ ʠʩʪʠʨʘʥʠʶ ʤʘʩʣʦʫʜʝʨʞʠʚʘʶʱʝʛʦ ʨʝʣʴʝʬʘ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʩ ʣʦʢʘʣʴʥʦ ʫʧʨʦʯʥʸʥʥʳʤʠ ʚʦʢʨʫʛ ʛʨʘʬʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 

ʫʯʘʩʪʢʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ 
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ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʘʪʳʚʘʣʠ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ.  

ʆʙʨʘʟʮʳ ʜʣʷ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʤʝʨʦʤ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʠʟ ʥʘʯʝʨʥʦ 

ʨʘʩʪʦʯʝʥʥʦʡ ʮʠʣʠʥʜʨʦʚʦʡ ʚʪʫʣʢʠ ʜʚʠʛʘʪʝʣʷ ʜʠʘʤʝʪʨʦʤ 76 ʤʤ. 

ʇʦʩʣʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʰʣʠʬʦʚʘʣʠ, 

ʨʝʛʫʣʠʨʫʷ ʧʨʠʧʫʩʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʦʢ 3.  

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʫʩʢʘ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʣʘʟʝʨʦʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʤʝʨʦʤ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

10ʭ10 ʤʤ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʄʀ-1 ʧʦ ʩʭʝʤʝ çʜʠʩʢ ï 

ʢʦʣʦʜʢʘè ʧʨʠ ʩʤʘʟʢʝ ʤʘʩʣʦʤ ʄ8ɺ. ʆʙʨʘʙʦʪʘʥʥʳʝ ʣʘʟʝʨʦʤ ʦʙʨʘʟʮʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʢʘʟʘʣʠ ʭʫʜʰʠʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʚʳʩʦʢʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ ʦʥʠ 

ʠʤʝʣʠ ʥʠʟʰʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ, ʦʯʝʚʠʜʥʦ, ʩ ʚʳʢʨʘʰʠʚʘʥʠʝʤ 

ʭʨʫʧʢʠʭ ʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʟʘʢʘʣʸʥʥʦʡ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

3. ɺʳʚʦʜʳ 

 

ʃʫʯʰʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʣʠ ʦʙʨʘʟʮʳ, 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʦ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʨʘʬʠʪʦʚʳʝ 

ʧʣʘʩʪʠʥʳ ʦʢʨʫʞʝʥʳ ʧʨʦʩʣʦʡʢʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʟʘʢʘʣʢʦʡ ʠʟ ʞʠʜʢʦʛʦ 

ʠ ʪʚʸʨʜʦʛʦ ʘʫʩʪʝʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [1,2]. ʕʪʠ ʪʚʸʨʜʳʝ ʧʨʦʩʣʦʡʢʠ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʫʩʠʣʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʘʨʝ ʪʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʯʫʛʫʥʘ. ʂʨʦʤʝ ʪʦʛʦ ʦʥʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʟʘʪʠʨʘʥʠʶ ʛʨʘʬʠʪʦʚʳʭ 

ʯʘʩʪʠʮ, ʩʦʭʨʘʥʷʷ ʤʘʩʣʦʫʜʝʨʞʠʚʘʶʱʠʡ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʪʝʧʣʦʭʦʜʘ 

çɺʦʣʛʦ-ʜʦʥ 117è, ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠʟʣʦʤʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʘ ʛʨʝʙʥʦʛʦ ʚʘʣʘ, ʚʳʧʦʣʥʝʥʘ ʜʝʬʝʢʪʦʩʢʦʧʠʷ 

ʤʝʪʦʜʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

 

1. ɺʚʝʜʝʥʠʝ 

ɻʨʝʙʥʳʝ ʚʘʣʳ, ʢʘʢ ʣʶʙʳʝ ʩʠʣʦʚʳʝ ʜʝʪʘʣʠ ʤʘʰʠʥ, ʜʦʣʞʥʳ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʠʟ ʫʣʫʯʰʝʥʥʳʭ ʩʪʘʣʝʡ, ʘ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʚʝʨʘ ï ʠʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʫʣʫʯʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʙʨʘʙʦʪʘʥʥʫʶ ʟʘʛʦʪʦʚʢʫ ʚʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ ʩʪʘʣʠ ʧʦʜʚʝʨʛʘʶʪ 

ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʝ. ʉ ʫʯʸʪʦʤ ʛʘʙʘʨʠʪʦʚ ʠʟʜʝʣʠʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʊɺʏ, ʘ ʪʘʢʞʝ ʦʙʢʘʪʢʘ ʨʦʣʠʢʘʤʠ. ʇʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʪʝʧʣʦʪʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʥʘʨʫʞʥʦʤ ʩʣʦʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʘ 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ ʥʘʛʨʝʚʘ (0,5 ï 2,0ʩ) ʥʝ 

ʥʘʛʨʝʚʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʦʭʨʘʥʷʝʪ ʟʘʛʦʪʦʚʢʫ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʘʣʠʥʳ. ɻʣʫʙʠʥʫ ʟʘʢʘʣʠʚʘʝʤʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 1 ï 5ʤʤ. ʊʚʝʨʜʦʩʪʴ ʟʘʢʘʣʸʥʥʦʛʦ ʩʣʦʷ HRC 48 ï 52 ʧʦʩʪʝʧʝʥʥʦ 
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ʩʥʠʞʘʝʪʩʷ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʢ ʝʸ ʦʩʠ. 

ʅʘʨʫʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʦʨʤ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʛʨʝʙʥʳʭ ʚʘʣʦʚ. 

ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʧʦʣʦʤʢʠ ʛʨʝʙʥʳʭ ʚʘʣʦʚ ʠʤʝʝʪ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ.  

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇʨʦʚʝʣʠ  ʦʙʩʣʝʜʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʪ/ʭ çɺʦʣʛʦ-ɼʦʥ 117è ʩ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʝʛʦ ʧʦʣʦʤʢʠ. 

ɺ ʭʦʜʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ: 

-  ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠʟʣʦʤʘ; 

-  ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʬʨʘʛʤʝʥʪʦʚ ʛʨʝʙʥʦʛʦ ʚʘʣʘ; 

-  ʠʟʤʝʨʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʘʤʠ ɹʨʠʥʝʣʣʷ ʠ ʈʦʢʚʝʣʣʘ; 

-  ʧʦʠʩʢ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ (ɿʂʅ) ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʡ 

ʧʘʤʷʪʠ ʤʝʪʘʣʣʘ (ʄʄʇ - ʢʦʥʪʨʦʣʴ); 

-  ʚʳʧʦʣʥʝʥʘ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʤʝʪʦʜʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

ʅʘʨʫʞʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘ ʛʨʝʙʥʦʛʦ ʚʘʣʘ Å200 

ʤʤ, ʤʘʩʩʦʡ ʦʢʦʣʦ 140 ʢʛ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʚʠʜʝ ʠʟʲʷʟʚʣʝʥʠʡ ʛʣʫʙʠʥʦʡ 1,0 ï 1,5 ʤʤ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1ïʂʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʦʛʦ 

ʚʘʣʘ. 

ʆʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʤʝʩʪʦ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʟʣʦʤʘ, ʘ ʪʘʢʞʝ ʩʨʦʢ ʠ ʢʘʢʠʝ-ʣʠʙʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʣʘ ʟʘʢʘʟʯʠʢʦʤ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʠʟʣʦʤʘ ʠʤʝʝʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

(ʨʠʩʫʥʦʢ 2). ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʩʪʫʧʝʥʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ 

ʠʟʣʦʤʘ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʤʝʩʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʦʥʦ ʦʙʦʟʥʘʯʝʥʦ ʥʘ 

ʬʦʪʦʛʨʘʬʠʷʭ ʩʪʨʝʣʢʘʤʠ) ʠ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ, 

ʨʘʟʨʫʰʠʚʰʝʡ ʚʘʣ. 
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ʈʠʩʫʥʦʢ 2 ī ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʦʨʨʦʟʠʦʥʥʦ-

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ): ʘ ï ʦʙʱʠʡ ʚʠʜ, ʙ ï ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ 

ʪʨʝʱʠʥʳ, ʚ ï ʦʙʨʘʟʝʮ ʜʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʋʩʪʘʣʦʩʪʥʘʷ ʪʨʝʱʠʥʘ, ʨʘʟʨʫʰʠʚʰʘʷ ʚʘʣ, ʦʙʨʘʟʦʚʘʣʘʩʴ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʝʜʣʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʊʨʘʝʢʪʦʨʠʷ ʪʨʝʱʠʥʳ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʚʘʣʘ, ʘ ʨʘʜʠʘʣʴʥʦ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʛʨʝʙʥʦʤ ʚʘʣʫ. ɿʦʥʘ 

ʜʦʣʦʤʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 % ʩʝʯʝʥʠʷ ʚʘʣʘ, ʪ.ʝ. ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʘʣ ʥʘʛʨʫʟʢʠ 

ʥʝ ʧʨʝʚʳʰʘʣʠ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʉʨʝʜʩʪʚʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʚ ʩʝʯʝʥʠʠ ʚʘʣʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 40 ʤʤ ʦʪ ʪʨʝʱʠʥʳ, ʨʘʟʨʫʰʠʚʰʝʡ ʚʘʣ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʜʨʫʛʠʝ ʪʨʝʱʠʥʳ ʜʣʠʥʥʦʡ ʜʦ 15 ï 20 ʤʤ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ī ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ. ʉʪʨʝʣʢʦʡ 

ʫʢʘʟʘʥ ʧʠʢ, ʚʳʟʚʘʥʥʳʡ ʥʘʣʠʯʠʝʤ ʪʨʝʱʠʥʳ ʚ ʩʝʯʝʥʠʠ ʚʘʣʘ. 

 

ʊʚʸʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʝʣʣʷ 

ɻʆʉʊ 9012 ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʊʐ-II  ʠ ʧʦ ʤʝʪʦʜʫ ʈʦʢʚʝʣʣʘ ɻʆʉʊ 9013 ʥʘ 
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ʪʚʝʨʜʦʤʝʨʝ ʊʂ. ʊʚʸʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ ʩʦʩʪʘʚʣʷʝʪ ʅɺ 1790 ʄʇʘ, ʧʦ ʈʦʢʚʝʣʣʫ 

HRB88, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʚʸʨʜʦʩʪʠ ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʝʡ 0,35 ï 0,40% ʫʛʣʝʨʦʜʘ 

ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʚʘʣʘ 

ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʦʙʲʸʤʘ ʤʝʪʘʣʣʘ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʪʨʝʱʠʥʝ 

ʨʘʟʨʫʰʠʚʰʝʡ ʚʘʣ ʠ ʠʟ ʩʝʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʨʫʛʠʝ ʥʝʨʘʩʢʨʳʚʰʠʝʩʷ ʪʨʝʱʠʥʳ 

(ʨʠʩʫʥʦʢ 4). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʚʳʷʚʣʷʣʠ ʪʨʘʚʣʝʥʠʝʤ 5% ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʩʧʠʨʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʄʀʄ8ʄ. 

 
 

  
 

ʈʠʩʫʥʦʢ 4 ī ʄʝʩʪʦ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ. 

 

ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʠ, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʛʨʝʙʥʦʡ ʚʘʣ ʬʝʨʨʠʪʦ-

ʧʝʨʣʠʪʥʘʷ (ʨʠʩʫʥʦʢ 5). 
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ɼʦ ʪʨʘʚʣʝʥʠʷ 

 
ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 5 ī ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʚʘʣʘ, ʥʘ ʛʣʫʙʠʥʝ 5 ʤʤ. 

 

ʈʘʟʤʝʨ ʟʝʨʥʘ ī ʙʘʣʣ 6, ʩʪʘʣʴ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ. ɿʝʨʥʦ ī ʨʘʚʥʦʦʩʥʦʝ, ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 0,35 ī 0,40%. ʉʪʘʣʴ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʣʣʫ 8 ʧʦ ɻʆʉʊ 1778 (ʨʠʩʫʥʦʢ  5), ʯʪʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʪʘʣʷʤ ʢʘʢ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ɻʆʉʊ 

380, ʪʘʢ ʠ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʪʘʣʷʤ ɻʆʉʊ 1050. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʥʦʩʪʠʢʠ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ ʤʝʪʘʣʣʘ ɻʆʉʊ ʈ 52005-2003 ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʤʝʪʘʣʣʘ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʦʙʥʘʨʫʞʝʥʳ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ (ɿʂʅ). 

ɿʂʅ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʤʝʩʪʫ ʠʟʣʦʤʘ ʥʘ ʜʚʫʭ ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʙʨʘʟʫʶʱʠʭ (ʨʠʩʫʥʦʢ 6).  ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʛʦʚʦʨʠʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ɿʂʅ, ʚʦʟʥʠʢʰʠʭ ʚ ʤʘʪʝʨʠʘʣʝ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʫʰʝʥʠʝ ʚʘʣʘ ʧʨʦʠʟʦʰʣʦ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ɿʂʅ. 
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ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʦʥʳ ʂʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ 

ʛʨʝʙʥʦʛʦ ʚʘʣʘ, ʧʨʠʤʳʢʘʶʱʝʤ ʢ ʤʝʩʪʫ ʠʟʣʦʤʘ. 

 

3. ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ï ʧʨʦʠʟʦʰʣʦ ʚ ʧʨʦʮʝʩʩʝ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʝʜʣʝʥʥʦʝ ʫʩʪʘʣʦʩʪʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ, ʚʳʟʚʘʥʥʦʝ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ çʞʠʚʦʛʦè ʩʝʯʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʚʘʣʘ. ʅʘʣʠʯʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. ʇʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʥʘ ʚʘʣʫ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʩʣʝʜʦʚʘʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʚʘʣʦʚʦʡ 

ʣʠʥʠʠ ʩʫʜʥʘ. 
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I.S. Ivanchik , S.N. Ivanchik, A.F. Kuznetsov, K.E. Kuzmina, A.V. Gorbunova, 

A.V. Gorbatovsky 

 

 

To investigate the causes of failure of the propeller shaft of the ship "Volgo-don 

117", was carried out microstructural analysis of the fracture, microstructural analysis 

of a fragment of the propeller shaft, made detection by visual and nondestructive 

inspection. 

 

Key words: propeller shaft, fatigue fracture, mechanism of fracture of the propeller 

shaft, microstructural analysis macrostructural analysis, the hardness of the material 
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ʋɼʂ 67.08 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʉʅɸɹɾɽʅʀʗ ʀ ʇɽʈɽʈɸɹʆʊʂʀ 

ʉʄɸɿʓɺɸʖʑɽ-ʆʍʃɸɾɼɸʖʑɽʁ ɾʀɼʂʆʉʊʀ    

 

ʂʝʥʜʟʝʨʩʢʠʡ ʗʥ ɺʣʘʜʠʩʣʘʚʦʚʠʯ, ʩʪʫʜʝʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʠʩʪʝʤʳ 

ʩʥʘʙʞʝʥʠʷ ʩʤʘʟʳʚʘʶʱʝ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ. ʆʧʠʩʘʥʘ ʦʜʥʘ 

ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ ʠ ʩʧʦʩʦʙ ʝʝ ʨʝʰʝʥʠʷ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʦʪ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʘʚʢʠ ʉʆɾ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʩʪʘʥʢʠ ʩ ʏʇʋ, ʉʆɾ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ, ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ.  

 

ʃʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʢʘʢ ʩʣʦʞʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʪʠʧʦʚʳʭ ʜʝʪʘʣʝʡ. ɼʘʥʥʳʝ ʜʝʪʘʣʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʧʘʨʪʠʠ ʢ ʧʘʨʪʠʠ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʘʤʦʣʝʪʘ. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʪʠʭ ʜʝʪʘʣʝʡ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʢʠ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʩʪʘʙʠʣʴʥʦʡ 

ʨʘʙʦʪʳ ʵʪʠʭ ʩʪʘʥʢʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʧʣʘʥʦʤʝʨʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʠʭ ʩʪʘʥʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʳ ʉʆɾ.  

ʋʜʘʣʝʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʡ ʉʆɾ ʠ ʧʦʜʛʦʪʦʚʢʘ ʵʤʫʣʴʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʫʯʘʩʪʢʘʭ ʙʝʟ ʫʯʝʪʘ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʥʢʦʚ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʩʤʝʰʠʚʘʥʠʷ çʚʨʫʯʥʫʶè ʙʝʟ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ. ʏʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʚʳʚʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʥʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʉʆɾ. ʇʝʨʝʭʦʜ ʦʪ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʥʘʙʞʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʉʆɾ ʢ  

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢ ʚʳʚʦʜʘ ʠʟ ʩʪʨʦʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦ ʢʦʪʦʨʦʡ ʦʪʨʘʙʦʪʘʥʥʘʷ ʉʆɾ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʚ ʙʘʢ-

ʦʪʩʪʦʡʥʠʢ, ʦʯʠʱʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʩʣʠʚʘʪʴʩʷ ʚ ʝʤʢʦʩʪʠ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʦʪʦʯʥʦʛʦ ʥʘʩʦʩʘ ʧʦʟʚʦʣʠʪ ʧʦʜʚʦʜʠʪʴ ʚʦʜʫ ʢ ʩʪʘʥʢʘʤ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʤʝʩʠʪʝʣʝʡ ʠ ʠʥʜʠʢʘʪʦʨʦʚ ʜʦʩʪʠʛʘʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʩʠʠ ʜʣʷ 

ʩʪʘʥʢʦʚ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʘ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʧʦ 

ʟʘʤʝʥʝ ʉʆɾ.  
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ʧʨʠʤʝʥʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡè 

 

IMPROVEMENT OF THE SYSTEM OF SUPPLYING AND 

PROCESSING OF LUBRICANT-COOLING LIQUID  

 

Kendzerskij Yan Vladislavovich, student 

Novosibirsk State Technical University, 20 Prospekt K. Marksa, Novosibirsk, 

630073, Russian Federation 

Abstract  

In this article we give an idea about specifics of systems of supply of coolant in 

aircraft building. One of the most significant problems and the way to solve it is 

described by transition from decentralized approach to centralized approach. 

Keywords: CNC machines, coolant, centralized approach, decentralized 

approach, closed system, secondary raw materials. 
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ʋɼʂ 620.181 

 

ʆʇʈɽɼɽʃɽʅʀɽ  ʍɸʈɸʂʊɽʈʀʉʊʀʂ  ʉʊɸʊʀʏɽʉʂʆʁ 

ʊʈɽʑʀʅʆʉʊʆʁʂʆʉʊʀ  ʊɽʈʄʆɻʈɸʌʀʏɽʉʂʀʄ ʉʇʆʉʆɹʆʄ 

 

ʂʫʨʠʣʝʥʢʦ ɻʝʦʨʛʠʡ ɸʣʝʢʩʝʝʚʠʯ
1

, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ; ʅʠʢʠʪʠʥ ɽʛʦʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ ʊʄ-501 ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ 
 

1ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383)-346-17-77 

ʂʫʨʠʣʝʥʢʦ ɻ.ɸ., e-mail: gkurilenko@mail.ru 

ʅʠʢʠʪʠʥ ɽ.ɸ., e-mail: teormech@ngs.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ:  ʂʫʨʠʣʝʥʢʦ ɻʝʦʨʛʠʡ ɸʣʝʢʩʝʝʚʠʯ , ʅʠʢʠʪʠʥ 

ɽʛʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383)-346-17-77 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʚʷʟʢʦʤ ʠ 

ʫʧʨʫʛʦ-ʚʷʟʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ SP D-  ʚʤʝʩʪʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ VP-  (P ï ʨʘʩʪʷʛʠʚʘʶʱʘʷ ʩʠʣʘ, SDï ʠʟʤʝʥʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʚ ʢʦʥʯʠʢʝ ʪʨʝʱʠʥʳ, Vï ʩʤʝʱʝʥʠʝ ʢʨʦʤʦʢ ʪʨʝʱʠʥʳ). ʇʨʠ 

ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ ʚ ʨʘʡʦʥʝ ʨʘʩʯʝʪʥʦʡ 

ʩʠʣʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʫʜʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ, ʨʘʩʯʝʪʥʘʷ ʩʠʣʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. 

 

1. ɺʚʝʜʝʥʠʝ. ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʚ. 

ɺ ʤʝʭʘʥʠʢʝ ʨʘʟʨʫʰʝʥʠʷ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʚʠʜʘ 2/1-r  (r ï 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʝʪ. ʇʦʵʪʦʤʫ ʧʦʥʷʪʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʪʝʨʷʝʪ ʩʤʳʩʣ. ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ) UK , ʠʤʝʶʱʝʛʦ ʨʘʟʤʝʨʥʦʩʪʴ [ ].2/1ʤʇʘÖ   

ʉʠʣʦʚʳʤ ʢʨʠʪʝʨʠʝʤ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ 
,CU KK >  

ʛʜʝ ʉK ï ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. 

mailto:gkurilenko@mail.ru
mailto:teormech@ngs.ru
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ʇʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʥʘʜʨʝʟʘʤʠ ʠ 

ʥʘʨʦʱʝʥʥʳʤʠ ʦʪ ʚʝʨʰʠʥ ʥʘʜʨʝʟʦʚ ʫʩʪʘʣʦʩʪʥʳʤʠ ʪʨʝʱʠʥʘʤʠ. ʉʪʨʦʷʪʩʷ 

ʜʠʘʛʨʘʤʤʳ VP- , ʛʜʝ ʈ ï ʧʨʠʣʦʞʝʥʥʘʷ ʩʠʣʘ, V ï ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ. 

ʎʝʣʴʶ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʤʦʤʝʥʪʘ ʩʪʨʘʛʠʚʘʥʠʷ ʪʨʝʱʠʥʳ. 

ʕʪʦʤʫ ʤʦʤʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ QP , ʧʦ ʢʦʪʦʨʦʡ ʟʘʪʝʤ ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ [1]. 

ʇʨʠ ʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʝ QP  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʣʠ 

ʤʘʢʩʠʤʫʤ, ʠʣʠ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘʛʨʫʟʢʠ (ʨʠʩ.1-ʘ), ʪ.ʝ. ʤʦʤʝʥʪ 

ʩʪʨʘʛʠʚʘʥʠʷ ʪʨʝʱʠʥʳ ʫʜʘʝʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ. ɼʠʘʛʨʘʤʤʳ VP-

, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʧʨʫʛʦ-ʚʷʟʢʦʤʫ ʠʣʠ ʚʷʟʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʬʠʢʩʘʮʠʶ 

ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ ï 

ʧʨʦʚʦʜʷʪ 5%-ʫʶ ʩʝʢʫʱʫʶ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʦʪʦʨʦʡ ʥʘ 5% ʧʨʝʚʳʰʘʝʪ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ.1-ʙ), ʠ ʨʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ QP  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʨʜʠʥʘʪʘ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ ʩʝʢʫʱʝʡ ʩ ʢʨʠʚʦʡ 

VP- . ʇʨʦʚʝʜʝʥʠʝʤ 5%-ʦʡ ʩʝʢʫʱʝʡ ʧʳʪʘʶʪʩʷ ʦʪʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʥʝʣʠʥʝʡʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʫʶ 2%-ʦʝ ʧʦʜʨʘʩʪʘʥʠʝ ʪʨʝʱʠʥʳ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ, 

ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʥʘʯʠʥʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʨʝʱʠʥʳ, ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʦʥʯʠʢʝ 

ʪʨʝʱʠʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

2. ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ 

ʫʧʨʫʛʦ-ʚʷʟʢʦʤ ʠ ʚʷʟʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʠ 20 ʪʦʣʱʠʥʦʡ 9 ʤʤ 

(ʨʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ. ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʠʩʧʳʪʘʥʠʷʤ (ʩʦʟʜʘʥʠʝ ʥʝʙʦʣʴʰʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʦʪ ʠʩʭʦʜʥʦʛʦ ʥʘʜʨʝʟʘ) 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʚ [1].  

3. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 
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(ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ)  ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʢʨʘʪʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʝ ʋɻ-20. 

ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʠʩʳʚʘʣʠʩʴ ʜʠʘʛʨʘʤʤʳ VP-  ʠ 

TP D- ( TD ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʯʠʢʝ ʪʨʝʱʠʥʳ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ) ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʦʚ çEndim 

620.02è [2]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥʯʠʢʝ ʪʨʝʱʠʥʳ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʰʚʝʜʩʢʦʛʦ 

ʪʝʧʣʦʚʠʟʦʨʘ çAga-750è [2], ʠʤʝʶʱʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 0,1
ʦ
ʉ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ 

ʤʝʭʘʥʠʟʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʪʦʯʢʦʡ ʤʝʭʘʥʠʟʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʪʢʣʶʯʘʣʠ, ʧʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʚʠʟʦʨʘ ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʧʦʨʷʜʦʢ. 

ʋʩʠʣʠʝ ʈ ʠʟʤʝʨʷʣʦʩʴ ʜʘʪʯʠʢʦʤ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ ʥʘʛʨʫʞʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ɼʘʪʯʠʢ ʠʤʝʣ 

ʣʠʥʝʡʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʛʨʫʟʢʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ1 %. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʤʝʱʝʥʠʷ ʢʨʦʤʦʢ ʥʘʜʨʝʟʘ V ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʘʪʯʠʢ ʩʤʝʱʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʦʛʦ 

ʪʠʧʘ, ʢʦʪʦʨʳʡ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʦʪ 1 ʜʦ 5ʤʤ ʠʤʝʣ ʣʠʥʝʡʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.   

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʥʠʭ 

ʧʨʦʠʩʭʦʜʷʪ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ  ʧʨʠʥʠʤʘʶʪ: 
QTK ï 

ʢʨʠʪʠʯʝʩʢʠʡ  ʂʀʅ ʜʣʷ ʦʙʨʘʟʮʘ ʜʘʥʥʦʡ ʪʦʣʱʠʥʳ, *
cK - ʫʩʣʦʚʥʳʡ ʢʨʠʪʠʯʝʩʢʠʡ 

ʂʀʅ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʚʘʟʠʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, cd- ʨʘʩʢʨʳʪʠʝ ʚ ʚʝʨʰʠʥʝ 

ʪʨʝʱʠʥʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ cP . 

ɼʠʘʛʨʘʤʤʳ TP D- ʟʘʪʝʤ ʧʝʨʝʩʪʨʘʠʚʘʣʠʩʴ ʚ ʜʠʘʛʨʘʤʤʳ SP D- , ʛʜʝ SDï 

ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʚ ʢʦʥʯʠʢʝ ʪʨʝʱʠʥʳ (ʨʠʩ.2).  

ɺʝʣʠʯʠʥʘ SDʧʦʜʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ [2]  

                                        
ö
ö

÷

õ

æ
æ

ç

å
=D

1

2ln
T

T

v
cS .                                                     (1) 

ɿʜʝʩʴ vc  - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ;   2ʊ  ʠ 1ʊ- ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʚ ʢʦʥʮʝ ʠ  ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʉʣʝʜʫʝʪ   

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʬʦʨʤʫʣʝ (1)                                                                                                                                        

SD - ʪʘ ʯʘʩʪʴ ʧʦʪʦʢʘ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʪʨʦʧʠʠ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʪʦʣʴʢʦ ʥʘ ʥʘʛʨʝʚ 

ʦʯʘʛʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʥʦ ʠʤʝʥʥʦ ʵʪʦʪ ʧʦʪʦʢ ʵʥʪʨʦʧʠʠ ʠ ʘʜʝʢʚʘʪʝʥ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦ. 

 

 

 

 

 

 

 



 
 

39 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ TP D-  

ʠ SP D-  ʠʤʝʶʪ ʪʨʠ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʟʦʥʳ [2], ʠʤʝʶʱʠʝ ʷʩʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ: ʚʥʘʯʘʣʝ (1-ʘʷ ʟʦʥʘ) ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʵʬʬʝʢʪʦʤ ʊʦʤʩʦʥʘ, ʟʘʪʝʤ ʨʘʟʦʛʨʝʚ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ 

ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʬʬʝʢʪ ʊʦʤʩʦʥʘ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (2-ʘʷ ʟʦʥʘ) ʠ, ʥʘʢʦʥʝʮ, ʥʘʯʠʥʘʝʪʩʷ 

ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ (3-ʴʷ ʟʦʥʘ). ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʵʥʪʨʦʧʠʡʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʪʦ ʚ 1-

ʦʡ ʟʦʥʝ ʧʨʠʨʘʱʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʦʯʘʛʘ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʕʪʦ ʦʪʥʶʜʴ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ 

ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʪʨʦʧʠʠ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʨʘʩʩʯʠʪʘʥʥʦʝ SDʥʝ ʚʭʦʜʷʪ  ʯʘʩʪʠ ʵʥʪʨʦʧʠʠ, ʠʜʫʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʥʘ ʥʝʦʧʘʩʥʦʝ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʪ. ʜ. [3]. ɺʦ ʚʪʦʨʦʡ ʟʦʥʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ SD=0, ʥʫ ʠ ʜʘʣʝʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ 

ʨʦʩʪʝ ʪʨʝʱʠʥʳ SDʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʀ ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʦʯʢʠ ʵʪʠʭ ʜʠʘʛʨʘʤʤ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʜʠʘʛʨʘʤʤʝ VP- : ʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ 

ʛʨʘʥʠʮʝ ʤʝʞʜʫ 1-ʦʡ ʠ 2-ʦʡ ʟʦʥʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʨʜʠʥʘʪʝ ʪʦʯʢʠ 

Q  ʥʘ ʜʠʘʛʨʘʤʤʝ VP- , ʘ ʪʦʯʢʠ ʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. 

ɿʘʪʝʤ ʧʦ ʜʠʘʛʨʘʤʤʘʤ VP-  ʠ SP D-   ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ [1] ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʦʛʦʚʦʨʝʥʥʳʝ 

ʚʳʰʝ, ʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʥʠʭ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 
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ʦʪʢʣʦʥʝʥʠʷ. 

 

5. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʳʚʦʜʳ.  

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʦ ʜʠʘʛʨʘʤʤʝ VP- ) ʧʨʠ ʭʨʫʧʢʦʤ (ʫʧʨʫʛʦʤ) 

ʨʘʟʨʫʰʝʥʠʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 20 ʥʘʙʣʶʜʘʣʦʩʴ ʚʷʟʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ. ʉʣʦʞʥʘʷ ʧʨʠʨʦʜʘ ʷʚʣʝʥʠʷ ʩʪʨʘʛʠʚʘʥʠʷ ʪʨʝʱʠʥʳ ʧʨʠ ʚʷʟʢʦʤ 

ʨʘʟʨʫʰʝʥʠʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʷʤʦʡ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʜʠʘʛʨʘʤʤʝ VP- . ʀʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʪʨʝʱʠʥʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, ʥʝʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʠʝ. 

ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʩʘʤ ʬʘʢʪ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ ʥʘ ʬʨʦʥʪʝ ʪʨʝʱʠʥʳ ʨʘʩʪʝʪ ʧʦʩʪʝʧʝʥʥʦ, ʪ.ʢ. 

ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʠ ʩʣʠʷʥʠʝ ʤʠʢʨʦʧʦʨ. ɺ ʩʘʤʦʡ ʩʫʪʠ  ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ 

(ʧʨʦʚʝʜʝʥʠʷ 5%-ʦʡ ʩʝʢʫʱʝʡ) ʟʘʣʦʞʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ  

ʩʫʱʝʩʪʚʝʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʜʘ 

ʠ ʪʦʯʥʦʝ ʧʨʦʚʝʜʝʥʠʝ 5%-ʦʡ ʩʝʢʫʱʝʡ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [2,3-5] ʧʨʝʜʣʘʛʘʶʪ ʧʦʠʩʢ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ 

ʚʷʟʢʦʤ ʨʘʟʨʫʰʝʥʠʠ. ʀ ʧʨʝʜʣʘʛʘʝʤʳʡ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʰʘʛ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

2. ʀʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ ʦʙʨʘʟʮʦʚ ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʜʠʘʛʨʘʤʤʝ SP D- , ʣʝʞʘʪ ʢʫʯʥʝʝ, ʯʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʠʘʛʨʘʤʤʝ VP- , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ  ʛʨʘʬʠʢ SP D-  ʠʤʝʝʪ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʡ ʠʟʣʦʤ ʚ 

ʨʘʡʦʥʝ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʵʪʫ ʪʦʯʢʫ ʣʝʛʢʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ. ʕʪʦʪ 

ʠʟʣʦʤ ʠʤʝʝʪ ʠ ʯʝʪʢʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ï ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ 

ʧʨʦʮʝʩʩʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦ [2]. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʥʘʯʠʥʘʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʪʨʝʱʠʥʳ, ʯʪʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. 
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  Abstract. Static fracture toughness characteristics are traditionally 

determined in tests of standard specimens using a P-V curve, where P is the load and 

V is notch-opening displacement. This curve has a characteristic point Q. At the load 

PQ corresponding to this point, the crack starts to propagate. For this load, the fracture 

toughness characteristics are then calculated. In brittle (elastic) fracture, the P-V 

curve at the onset of crack propagation has an extremum (or a local extremum), from 

whose ordinate PQ is determined with sufficient accuracy. In ductile and elastic-

ductile fracture, P-V curves are monotonically increasing, and PQ is calculated using 

the 5% secant offset method without taking into account the characteristics of the 

material, so that the PQ is determined inaccurately. To improve the accuracy of PQ 

determination, we propose a thermographic method for these cases. This method 

involves plotting the load P against the temperature change æὝ over a relatively short 

period of time at the notch tip. This plot is then transformed to a ὖ ЎὛ curve, where 

ЎὛ is the specific entropy increment at the notch tip, which is calculated through æὝ. 

This thermodynamic diagram has a characteristic step at the beginning of crack 

propagation, and from the ordinate of this step, PQ can be determined much more 

accurately. 

 

Key words: temperature, specific entropy, characteristic load, static fracture 

toughness characteristics.   
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʬʦʣʴʛʠ ʥʠʦʙʠʷ ʠ ʧʣʘʩʪʠʥʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ 

ʦʙʨʘʟʦʚʘʣʩʷ ʩʚʘʨʥʦʡ ʰʦʚ ʠʤʝʶʱʠʡ ʚʦʣʥʦʦʙʨʘʟʥʫʶ ʤʦʨʬʦʣʦʛʠʶ. ɺ ʚʝʨʰʠʥʘʭ ʠ 

ʚʧʘʜʠʥʘʭ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʦʣʥ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʠʭʨʝʚʳʝ ʟʦʥʳ. ʄʝʪʦʜʦʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʭʨʝʚʳʝ 

ʟʦʥʳ ʠʤʝʶʪ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ. ʊʘʢ ʞʝ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʟ ʧʨʠʯʠʥ 

ʘʤʦʨʬʠʟʘʮʠʠ ʚʠʭʨʝʚʳʭ ʟʦʥ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ 

ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  

ɹʠʤʝʪʘʣʣ, ʨʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʝʯʝʥʠʝ ʦʙʨʘʟʮʘ, ʘʤʦʨʬʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

 

1. ɺʚʝʜʝʥʠʝ  

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 

ʨʘʟʥʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʤʝʪʘʝʤʘʷ 

ʧʣʘʩʪʠʥʘ, ʨʘʟʛʦʥʷʝʤʘʷ ʟʘ ʩʯʸʪ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ, ʩʦʫʜʘʨʷʝʪʩʷ ʧʦʜ ʫʛʣʦʤ ʩ 

ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʦʡ [1, 2]. ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʫʜʘʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʦʪʥʳʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʬʦʣʴʛʠ 

ʥʠʦʙʠʷ ʠ ʧʣʘʩʪʠʥʳ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʪʘʢʦʛʦ ʨʦʜʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ [3, 4]. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʠʭʨʝʚʳʝ 

ʟʦʥʳ, ʪʘʢ ʢʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʘ.  

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ï ʬʦʣʴʛʘ ʥʠʦʙʠʷ 

ʨʘʟʤʝʨʘʤʠ 50ʭ50ʭ0,1 ʤʤ ʠ ʧʣʘʩʪʠʥʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʨʘʟʤʝʨʘʤʠ 70ʭ70ʭ3ʤʤ. 

ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜ ʚʦʜʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʂ. 

ʍʦʢʘʤʦʪʦ[2].  

ʇʦʣʫʯʝʥʥʳʡ ʙʠʤʝʪʘʣʣ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʤʠʢʨʦʩʢʦʧ Carl Zeiss Axio Observer A1m), ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(Carl Zeiss EVO 50 XVP) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Tecnai 

G2 20). ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʘ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (Oxford 

Instruments X-Axt). ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʣʘʩʴ 

ʤʝʪʦʜʦʤ ɺʠʢʢʝʨʩʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʚʘʨʥʦʡ ʰʦʚ ʠʤʝʝʪ ʚʦʣʥʦʦʙʨʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʠʧʠʯʥʫʶ ʜʣʷ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ. ʊʘʢ ʞʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʚʘʨʥʦʤ ʰʚʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʝʬʝʢʪʳ (ʥʝʧʨʦʚʘʨʳ, ʠʟʛʠʙʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʨ.). ʅʘ ʚʝʨʰʠʥʘʭ ʠ ʚʧʘʜʠʥʘʭ 

ʚʦʣʥ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚʠʭʨʝʚʳʝ ʟʦʥʳ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʠʭʨʝʚʳʭ ʟʦʥ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʦʩʪʘʚ ʚʠʭʨʝʚʳʭ ʟʦʥ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠ- 

ʘʣʦʚ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʠʭʨʝʚʳʭ ʟʦʥ 

Fe (ʚʝʩ. %) Cr (ʚʝʩ. %) Ni (ʚʝʩ. %) Nb (ʚʝʩ. %) 

38,94 10,45 4,17 40,26 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚʠʭʨʝʚʳʭ ʟʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1500 ʝʜʠʥʠʮ ʧʦ ɺʠʢʢʝʨʩʫ. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʠʭʨʝʚʳʭ ʟʦʥ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʚ ʵʪʠʭ ʟʦʥʘʭ ʠʤʝʝʪ ʘʤʦʨʬʥʫʶ 

ʩʪʨʫʢʪʫʨʫ [5, 6].  

4. ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʘʤʦʨʬʠʟʘʮʠʠ ʚʠʭʨʝʚʳʭ ʟʦʥ 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʘʤʦʨʬʠʟʘʮʠʠ ʚʠʭʨʝʚʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʫʜʘʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʠʤʧʝʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘ ɸʢʠʭʠʰʘ ʀʥʦʫʝ [7], ʩʦʙʣʶʜʝʥʠʝ 
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ʢʦʪʦʨʳʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ: 

1. ʂʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʙʦʣʝʝ 3; 

2. ʈʘʟʥʠʮʘ ʚ ʜʠʘʤʝʪʨʘʭ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʧʣʘʚʘ, ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 12 %; 

3. ʊʝʧʣʦʪʘ ʩʤʝʰʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. 

ʀʟ ʪʘʙʣʠʮʳ ʦʜʠʥ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʚʠʭʨʝʚʳʭ ʟʦʥ ʚʭʦʜʠʪ ʙʦʣʝʝ ʪʨʝʭ 

ʵʣʝʤʝʥʪʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʪʘʣʴʧʠʠ 

ʩʤʝʰʠʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʥʠʦʙʠʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʠʭʨʝʚʳʝ ʟʦʥʳ ʩ 

ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʩʦʙʣʶʜʝʥʳ ʧʨʘʚʠʣʘ ɸ. ʀʥʦʫʝ). 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʝʯʝʥʠʶ ʙʠʤʝʪʘʣʣʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ, ʥʘʯʘʣʴʥʳʝ 

ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʦʩʪʘʚʣʷʝʪ 6,45Å10
7
 ʂ/ʩʝʢ. 

 
ʈʠʩʫʥʦʢ - ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ 

5. ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʠ ʨʘʩʪʨʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʝʟʜʝʬʝʢʪʥʘʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ. ɺʳʩʦʢʘʷ 
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ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʧʦʜʦʙʨʘʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʠʥ ʧʨʠʚʝʣʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʭʨʝʚʳʭ ʟʦʥ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦ ɺʠʢʢʝʨʩʫ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚʠʭʨʝʚʳʭ ʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 6,45Ŀ10
7
 ʂ/ʩʝʢ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʘʤʦʨʬʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ. 
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ANALYSIS OF CAUSES FORMING AMORPHOUS STRUCTURES 

OBTAINED BY EXPLOSION WELDING OF NIOBIUM FOIL AND 

STAINLESS STEEL PLATES 
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Kuchumova I. D., e-mail ivannakz@mail.ru 

 

Abstract 

The explosion welding is one of the most common and promising methods for 

producing composite materials. The wavelike weld is formed with regions where 

material of blanks get mixed up. These zones are called vortex zones. 

Research of the structure was carried out by optical, scanning electron and 

transmission electron microscopy. Optical microscopy allows to determine the nature 

of the weld and any visible defects. Scanning electron microscopy makes it possible 

to observe the material mixing process. Transmission electron microscopy enables to 

determine the structure of the vortex zones and the process of change in the structure 

of materials in the zones near the weld. The estimation of microhardness of vortex 

zones was carried out by measuring the Vickers microhardness. The paper also 

presents the attempts to analyze and articulate the reasons for the formation of 

particular structures of vortex zones and reports the calculations of the cooling rate of 

the material at the boundary of welded blanks explosion. 

Keywords: explosion welding, amorphous structure, finite difference method. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʝʜʠʥʝʥʠʷ 

ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʜʥʘʢʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʟʦʥʘ ʭʨʫʧʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʫʰʘʝʪʩʷ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʤʝʞʩʣʦʡʥʘʷ ʛʨʘʥʠʮʘ ʚ ʦʙʨʘʟʮʘʭ Al-Mg ʠʤʝʝʪ ʚʦʣʥʦʚʦʡ ʪʠʧ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʤ ʠ ʤʘʛʥʠʝʤ ʦʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʟʦʥ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʟʦʥ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʫʨʦʚʥʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʠʭʨʝʚʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʣʘʚ ʘʣʶʤʠʥʠʷ ʩ ʤʘʛʥʠʝʤ. ʄʝʪʦʜʦʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʥʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ; ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ; ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ; 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ; ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʛʥʠʝʚʳʝ ʠ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ʠʟ-ʟʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʩʚʘʨʢʦʡ ʧʣʘʚʣʝʥʠʝʤ, ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ 

ʠʣʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʙʦʣʴʰʘʷ ʟʦʥʘ ʜʝʬʝʢʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʥʝ ʫʩʧʝʚʘʶʪ ʧʨʦʪʝʢʘʪʴ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʟʦʥʘ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ ʦʙʩʫʞʜʘʶʪʩʷ 

ʢʨʘʡʥʝ ʨʝʜʢʦ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ  

ʙʠʤʝʪʘʣʣʘ ʪʠʧʘ "ʘʣʶʤʠʥʠʡ-ʤʘʛʥʠʡ" ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʯʥʳʝ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʨʘʟʥʦʨʦʜʥʳʤʠ 
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ʤʘʪʝʨʠʘʣʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [1-2]. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʙʠʤʝʪʘʣʣʳ ʠʟ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʧʣʘʩʪʠʥ ʘʣʶʤʠʥʠʷ ʠ ʧʣʘʩʪʠʥ ʤʘʛʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ʉʚʘʨʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʛ. ʂʫʤʘʤʦʪʦ (ʗʧʦʥʠʷ). ɹʳʣʘ ʚʳʙʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʜʚʦʜʥʦʡ 

ʩʚʘʨʢʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ. 

ʉʪʨʫʢʪʫʨʫ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʦʧʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ 

ʪʘʢʞʝ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʦʜʛʦʪʦʚʢʠ ʰʣʠʬʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʢʣʶʯʘʣ ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʘʙʨʘʟʠʚʥʳʤʠ ʰʢʫʨʢʘʤʠ (SiC) ʠ 

ʧʦʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʩʫʩʧʝʥʟʠʡ ʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʉʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʤ 

ʣʫʯʦʤ ʤʘʪʝʨʠʘʣʦʚ ʚʳʷʚʣʷʣʠ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss 

Axio Observer Z1m.   

ɹʦʣʝʝ ʪʦʥʢʠʝ ʜʝʪʘʣʠ ʩʪʨʦʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ FEI Tecnai G2 20 TWIN ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ. 

ʌʦʣʴʛʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʡ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʨʝʟʢʠ ʟʘʛʦʪʦʚʦʢ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʪʦʥʝʥʠʷ ʧʣʘʩʪʠʥ ʥʘ 

ʘʙʨʘʟʠʚʥʳʭ ʰʢʫʨʢʘʭ ʜʦ ʪʦʣʱʠʥʳ 100 ʤʢʤ, ʰʣʠʬʦʚʘʥʠʷ ʣʫʥʦʢ ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʪʦʥʝʥʠʷ ʠʦʥʥʳʤ ʧʫʯʢʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ Gatan PIPS 659. 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss EVO 50 XVP, ʦʩʥʘʱʝʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ EDX X-Act. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ 

ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʤʘʟʥʘʷ ʧʠʨʘʤʠʜʘ, 

ʥʘʛʨʫʟʢʘ ʥʘ ʠʥʜʝʥʪʦʨ ʩʦʩʪʘʚʠʣʘ 0,1 ʢʛ. ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʩʝʨʝʜʠʥʳ ʚʠʭʨʝʚʳʭ ʟʦʥ ʢ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʞʜʫ 

ʘʣʶʤʠʥʠʝʤ ʠ ʤʘʛʥʠʝʤ ʦʙʨʘʟʦʚʘʣʦʩʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ ʦʪʯʸʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʙʝʟʜʝʬʝʢʪʥʘʷ ʟʦʥʘ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʚʦʣʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʘ (ʨʠʩ. 1).  
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    ʘ)                                          ʙ)                                           ʚ)  

ʈʠʩ. 1. ɿʦʥʘ ʩʦʝʜʠʥʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʤʝʞʜʫ 

ʘʣʶʤʠʥʠʝʤ ʠ ʤʘʛʥʠʝʤ: ʘ) ʥʘʯʘʣʦ, ʙ) ʩʝʨʝʜʠʥʘ, ʚ) ʢʦʥʝʮ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʟʦʥʘʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚʠʭʨʝʚʳʝ ʟʦʥʳ 

(ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʦʮʝʥʝʥ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 3, ʪʘʙʣ. 1). 

 

 
ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʨʘʟʮʝ 

ʘʣʶʤʠʥʠʡ-ʤʘʛʥʠʡ 

 

 
ʈʠʩ. 3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʦʙʨʘʟʮʘ Al-Mg  
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ʊʘʙʣʠʮʘ 1 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ Al-Mg 

 ̄

ʩʧʝʢʪʨʘ 

Al,  

ʘʪ. % 

Mg, 

ʘʪ. % 

1 58,22 41,78 

2 50,76 49,24 

3 61,45 38,55 

4 64,06 35,94 

5 61,91 38,09 

ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʟʦʥʳ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 320 HV ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 50-100 HV (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʚ ʦʙʨʘʟʮʝ ʩʠʩʪʝʤʳ Al-Mg 

 

ɸʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʠʭʨʝʚʳʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʦ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ʂʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʠʭʨʝʚʳʭ ʟʦʥ ʚ ʦʙʨʘʟʮʝ Al-Mg, 

ʧʦʣʫʯʝʥʥʦʤ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ 

4. ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʚʦʜʥʦʡ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʝ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʤ ʠ ʤʘʛʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʚʠʭʨʝʚʳʝ ʟʦʥʳ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʤʝʶʪ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ. 
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Abstract 

In this paper the problem of aluminum-magnesium joint is discussed. It is 

difficult to get the high-quality weld zone between the materials. It is known that the 

technology of explosion welding provides a very thin interlayer boundary. To 

produce the bimetal from aluminum and magnesium, the method of underwater 

explosion welding was used. The research results showed that there is a wave 

boundary in the Al-Mg bimetal. Besides, there are vortex zones at the interlayer 

boundary which have the high level of the microhardness. It is found that the vortex 

zones are the alloys from Al and Mg. Study of the phase compound of the vortex 

zones showed that they have the quasicrystalline structure.  
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ɸʥʥʦʪʘʮʠʷ 
ɸʣʶʤʠʥʠʜʳ ʥʠʢʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʩ 

ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ 

ʘʣʶʤʠʥʠʜʦʚ ʥʠʢʝʣʷ ʷʚʣʷʝʪʩʷ ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʦʜʥʘʢʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ. ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʦʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠʟ ʧʦʨʦʰʢʘ ʇʅ85ʖ15, 

ʥʘʥʝʩʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʫʟʣʘ ʢʦʣʴʮʝʚʦʛʦ ʚʚʦʜʘ ʧʦʨʦʰʢʘ ʩ ʜʦʟʚʫʢʦʚʦʡ ʠ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʨʠʩʪʦʩʪʴ çʩʚʝʨʭʟʚʫʢʦʚʳʭè ʧʦʢʨʳʪʠʡ ~ 3 %, 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï ʦʢʦʣʦ 430 HV. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʘʣʶʤʠʥʠʜ ʥʠʢʝʣʷ, ʧʦʢʨʳʪʠʝ, ʧʦʨʠʩʪʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ 

ɸʣʶʤʠʥʠʜʳ ʥʠʢʝʣʷ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʭʦʨʦʰʝʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ [1]. ʋʢʘʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ [1]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʘʣʶʤʠʥʠʜʦʚ 

ʥʠʢʝʣʷ: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ [2], ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʘʷ 

ʥʘʧʣʘʚʢʘ [3], ʜʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ [4], ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ [5]. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʷʚʣʷʝʪʩʷ ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʧʦʟʚʦʣʷʝʪ ʥʘʧʳʣʷʪʴ ʧʦʨʦʰʢʠ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʢʦʨʦʩʪʴ ʧʣʘʟʤʝʥʥʦʡ 

ʩʪʨʫʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʜʣʷ ʟʘʱʠʪʳ ʯʘʩʪʠʮ 

ʦʪ ʦʢʠʩʣʝʥʠʷ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ, 

ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 10é15 % [5,6]. 
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ʉʥʠʟʠʪʴ ʧʦʨʠʩʪʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʤʦʞʥʦ 

ʧʦʚʳʰʘʷ ʩʢʦʨʦʩʪʴ ʥʘʧʳʣʷʝʤʳʭ ʯʘʩʪʠʮ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʥʘʧʳʣʝʥʠʝ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʝʨʭʟʫʢʦʚʦʛʦ ʩʦʧʣʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʚʳʧʦʣʥʷʣʠ ʚ ʀʊʇʄ ʉʆ ʈɸʅ ʧʨʠ 

ʧʦʤʦʱʠ ʧʣʘʟʤʦʪʨʦʥʘ ʇʅʂï50, ʦʩʥʘʱʝʥʥʦʛʦ ʫʟʣʦʤ ʢʦʣʴʮʝʚʦʛʦ ʚʚʦʜʘ ʧʦʨʦʰʢʘ ʩ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ. ʅʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʦʟʚʫʢʦʚʦʤ ʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʨʝʞʠʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʇʅ85ʖ15 ʨʘʟʤʝʨʘʤʠ 40...100 ʤʢʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʨʦʰʢʘ: 84,1 ʚʝʩ. % Ni, 15,9 ʚʝʩ. % Al. ʇʦʢʨʳʪʠʷ ʥʘʥʦʩʠʣʠ ʥʘ ʪʨʫʙʳ ʠʟ ʩʪʘʣʠ 

20. ʇʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʧʦʜʚʝʨʛʘʣʠ ʧʝʩʢʦʩʪʨʫʡʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʈʘʥʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʦʰʢʘ: ʪʦʢ ʜʫʛʠ ï 200 ɸ, ʥʘʧʨʷʞʝʥʠʝ ï 223 ɺ, 

ʟʘʱʠʪʥʳʡ ʛʘʟ - ʩʤʝʩʴ ʚʦʟʜʫʭʘ ʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ, 

ʬʦʢʫʩʠʨʫʶʱʠʡ ʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟʳ ï ʚʦʟʜʫʭ. ɼʠʩʪʘʥʮʠʷ ʥʘʧʳʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 170 ʤʤ [7]. ʇʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʩ ʧʦʢʨʳʪʠʷʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

300 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Carl 

Zeiss Axio Observer A1m. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ 

Wolpert Group 402MVD ʧʨʠ ʥʘʛʨʫʟʢʝ 50 ʛ. ʇʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Axio Vision Multiphase (Carl Zeiss). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʇʅ85ʖ15 ʷʚʣʷʝʪʩʷ ʪʦʢ ʜʫʛʠ 

ʦʪ 140 ʜʦ 200 ɸ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ ʚʦʟʜʫʭʘ ʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ ʪʦʣʴʢʦ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ. ʅʘʠʙʦʣʝʝ ʧʣʦʪʥʳʝ ʧʦʢʨʳʪʠʷ (5,77 %) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘ ʪʦʢʝ 200 ɸ ʩ ʧʦʥʠʞʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ [7]. ʀʟʦʙʨʘʞʝʥʠʝ 

ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʘ, ʙ). ɺʠʜʥʦ, 

ʯʪʦ ʚ ʧʦʢʨʳʪʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʧʣʘʚʣʝʥʥʳʭ 

ʯʘʩʪʠʮ. ʉʨʝʜʥʷʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʠʣʘ 610 HV. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ (ʚ, ʛ) ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɼʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʠ ʦʪʩʣʦʝʥʠʡ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ, 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʷʪ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʠ ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦ 

ʚʨʝʤʷ ʫʜʘʨʘ ʯʘʩʪʠʮ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʬʘʟ, Ni5Al3 ʠ Ni3Al  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʠʣʘ 3 %. ʊʘʢʞʝ 

ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʥʢʠʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʝʪ 430 HV. 
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ʈʠʩʫʥʦʢ ï ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ: ʘ, ʙ ï ʜʦʟʚʫʢʦʚʦʡ ʨʝʞʠʤ ʥʘʧʳʣʝʥʠʷ; ʚ, ʙ 

- ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʨʝʞʠʤ ʥʘʧʳʣʝʥʠʷ. 

 

ɺʳʚʦʜʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ ʚ 2 ʨʘʟʘ (ʜʦ 3 %), ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʥʠʟʠʣʦʩʴ ʥʘ 30 %. ʎʝʣʴʶ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. 
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Abstract 

Nickel aluminides are widely used as protective coatings for aeronautical and 

aerospace engineering due to their relatively low density, high melting point, good 

thermal conductivity and corrosion resistance. One of the most efficient and 

economical methods of coating deposition of nickel aluminides is plasma spraying. 

The disadvantage of this method is the high porosity of the formed coatings. The 

problem can be solved by increasing the particle velocity in the plasma jet to 

supersonic velocities. The structure and properties of the coatings from the powder 

85Ni15Al, were compared in this work. The coatings were applied using a unit of 

annular input powder focusing with subsonic and supersonic speed. The porosity of 

"supersonic" coatings is about 3%, microhardness is about 430 HV. 

Keywords: supersonic plasma spraying, intermetallic compounds, nickel 

aluminide, coatings, porosity. 
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ɸʥʥʦʪʘʮʠʷ: 

 ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʭʠʤ ʪʨʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  
ɼʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʝ, 

ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʠʟʥʘʰʠʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʪʝʣʘ, ʘ ʪʘʢʞʝ  ʫʩʣʦʚʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʥʘʰʠʚʘʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʪʨʫʱʠʭʩʷ ʪʝʣ 

ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʥʝʦʙʨʘʪʠʤʳʡ 
                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014 - 2020 ʛʦʜʳè ʚ ʨʘʤʢʘʭ 

ʩʦʛʣʘʰʝʥʠʷ ˉ 14.586.21.0026 ʥʘ ʚʳʧʦʣʥʝʥʠʝ  ʧʨʦʝʢʪʘ ʧʦ ʪʝʤʝ: çIn-situ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʤʠʢʨʦʜʠʬʨʘʢʪʦʤʝʪʨʠʠè, ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʠʢʣʘʜʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʘ) RFMEFI58616X002 
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ʭʘʨʘʢʪʝʨ ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʮʝʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʤʝʝʪʩʷ ʜʨʫʛʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ, ʢʦʛʜʘ ʩʪʨʫʢʪʫʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʱʠʭʩʷ ʪʝʣ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝ ʝʛʦ ʩʥʷʪʠʷ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʠʩʯʝʟʘʶʪ. ʇʦʣʫʯʝʥʠʝ ʧʦʣʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʙʝʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʪʨʫʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ  ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ, ʤʦʞʥʦ 

ʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʨʪʠʥʳ ʜʠʬʨʘʢʮʠʠ ʚ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʜʠʬʨʘʢʮʠʦʥʥʦʝ ʢʠʥʦè. 

ʀʟʤʝʨʝʥʠʝ ʰʠʨʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ ʠ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʧʠʢʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʨʘʟʤʝʨ 

ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʫʧʨʫʛʠʝ ʤʠʢʨʦʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ [1]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʫʩʪʘʥʦʚʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʦʙ ʠʥʜʝʥʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʣʫʯʘ, ʠʤʝʶʱʝʛʦ ʜʠʘʤʝʪʨ ʦʪ 1 ʤʢʤ ʜʦ 

1 ʤʤ ʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʥʜʝʥʪʦʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʘ ʧʨʠʞʠʤʘʝʪʩʷ.  

  

2. ʀʩʭʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
ʫʩʪʘʥʦʚʢʠ 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: - ʚʨʘʱʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ 1é5 Ñ 0,05 ʩ
-1
; - ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ (ʪʦʨʝʮ ʠ 

ʧʝʨʠʬʝʨʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʣʫʯʘ 

ʩʪʘʥʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; - ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʘʚʣʝʥʠʷ 

ʤʝʞʜʫ ʠʥʜʝʥʪʦʨʦʤ ʠ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʚ ʧʨʝʜʝʣʘʭ 10é70 ʄʇʘ. 

ʂʦʤʧʦʥʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʟʘ 

ʧʘʜʘʶʱʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʣʫʯʦʤ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 70 ʭ 15 ʤʤ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʦʙʨʘʟʮʝ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʢʦʥʪʘʢʪʝ ʩ ʠʥʜʝʥʪʦʨʦʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʈ6ʄ5 ʠʣʠ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ 8, ʩʣʝʜʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʤʝʜʴ ʠ ʤʝʜʥʳʝ ʩʧʣʘʚʳ, 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ. 

3. ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʤʦʜʫʣʝʡ (ʨʠʩʫʥʦʢ 1):  

- ʧʨʠʚʦʜ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ (ʧʦʟ. 1), ʩʥʘʙʞʝʥʥʳʡ ʮʘʥʛʦʚʳʤ ʧʝʨʝʭʦʜʥʠʢʦʤ 
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(ʧʦʟ. 2) ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʢʨʝʧʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʧʦʟ. 3); 

- ʩʠʩʪʝʤʘ ʧʨʠʞʠʤʘ ʦʙʨʘʟʮʘ ʢ ʠʥʜʝʥʪʦʨʫ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʩʥʦʚʘʥʠʷ (ʧʦʟ. 4), 

ʩʪʘʥʠʥʳ (ʧʦʟ. 5), ʢʦʨʧʫʩʘ ʩ ʣʠʥʝʡʥʳʤʠ ʰʘʨʠʢʦʚʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ (ʧʦʟ. 6), 

ʢʦʨʟʠʥʳ ʜʣʷ ʛʨʫʟʘ (ʧʦʟ. 7) ʠ  ʨʳʯʘʛʘ (ʧʦʟ. 8), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʠʞʠʤ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʙʨʘʟʮʘ ʢ ʠʥʜʝʥʪʦʨʫ (ʧʦʟ. 9).  

ʅʘʣʠʯʠʝ ʜʚʫʭ ʢʦʨʧʫʩʦʚ: ʢʦʨʧʫʩʘ ʩʠʩʪʝʤʳ ʧʨʠʞʠʤʘ ʦʙʨʘʟʮʘ ʢ ʠʥʜʝʥʪʦʨʫ 

(ʧʦʟ. 6) ʠ ʢʦʨʧʫʩʘ ʧʨʠʚʦʜʘ (ʧʦʟ. 1) - ʧʦʟʚʦʣʷʝʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʦʙʨʘʟʝʮ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʝʥʪʦʨʘ ʢʘʢ ʧʦ ʪʦʨʮʫ (ʨʠʩ. 1ʘ), ʪʘʢ ʠ ʧʦ ʧʝʨʠʬʝʨʠʠ (ʨʠʩ. 1ʙ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʩʭʝʤ ʪʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʘ 

ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʧʝʨʝʢʣʘʜʠʥ (ʧʦʟ. 10 ʠ ʧʦʟ. 11) ʩ ʢʦʨʧʫʩʘʤʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʠʥʜʝʥʪʦʨʘ. ʋʩʠʣʠʝ ʧʨʠʞʘʪʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʙʨʘʟʮʘ ʢ ʠʥʜʝʥʪʦʨʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʨʫʟʦʤ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʦʨʟʠʥʫ (ʧʦʟ. 7). 
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ʈʠʩ. 1. ʉʢʨʠʥʰʦʪ 3-D ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʚʦʣʶʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʘ - 

ʢʦʤʧʦʥʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʪʨʝʥʠʷ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ; ʙ - 

ʢʦʤʧʦʥʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʪʨʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

 

ʋʩʪʘʥʦʚʢʘ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʥʘ ʩʪʘʥʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʣʫʯ ʜʠʘʤʝʪʨʦʤ ʦʪ 1 ʤʢʤ ʜʦ 1 ʤʤ (ʜʠʘʤʝʪʨ ʣʫʯʘ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ) ʧʦʧʘʜʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʥʜʝʥʪʦʨʘ. ʀʩʩʣʝʜʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʙʨʘʟʮʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʥʘ ʝʛʦ ʪʦʨʮʝ ʠʣʠ 

ʧʝʨʠʬʝʨʠʠ, ʧʨʠʞʠʤʘʝʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ ʢ ʠʥʜʝʥʪʦʨʫ ʩ ʟʘʜʘʥʥʳʤ ʫʩʠʣʠʝʤ. 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʫʯʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʦʙʨʘʟʮʘ, ʩʯʠʪʳʚʘʝʪʩʷ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʟʘ ʦʙʨʘʟʮʦʤ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʜʥʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʥʠʦʤʝʪʨ, ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ 

ʜʝʪʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʝʥʥʫʶ ʜʠʩʢʨʝʪʥʦʩʪʴ ʟʘʧʠʩʠ.  ʈʘʩʰʠʬʨʦʚʢʘ 

ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʘʤʷʪʠ çʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʠʥʦè ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠ ʩʫʭʦʤ 

ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. 

 

4. ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʦʚʝʜʝʥʳ In-situ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʝʜʠ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʤʠʢʨʦʜʠʬʨʘʢʪʦʤʝʪʨʠʠ.  ɺ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʝʩʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʥʭʨʦʪʨʦʥʥʦʡ 

ʤʠʢʨʦʬʦʢʫʩʥʦʡ ʣʠʥʠʠ ID13 (ID13 Microfocus Beamline), ɻʨʝʥʦʙʣʴ (ʌʨʘʥʮʠʷ), 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

5. ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʜʠʬʨʘʢʪʦʤʝʪʨʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

 

 ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ:  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʬʠʥʦʚʦʡ 

ʵʤʫʣʴʩʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʘʢʪʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ 

ʧʨʦʪʠʨʢʠ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʦʤʧʘʢʪʦʚ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ ʠ ʜʝʬʝʢʪʥʦʩʪʴ 

ʠʭ ʩʪʨʫʢʪʫʨʳ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 80 % ʦʪ ʪʝʦʨ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʝʩʩʦʚʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ 75 ʄʇʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʘʥʠʷ ʧʨʦʠʟʦʡʜʝʪ ʟʘʣʝʯʠʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥ ʧʣʦʪʥʳʡ ʩʧʝʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʙʨʦʥʝʢʝʨʘʤʠʢʘ, ʦʩʝʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ, 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʚʷʟʫʶʱʝʝ, ʧʘʨʘʬʠʥ. 

 

ɺʚʝʜʝʥʠʝ. 

ɹʨʦʥʝʧʣʠʪʢʠ ʠʟ ʢʝʨʘʤʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʙʨʦʥʠ ʜʣʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʙʨʦʥʝʪʝʭʥʠʢʠ 

[1]. ʇʣʠʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʦʙʣʘʜʘʶʪ ʚʘʞʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. 

ʊʘʢ ʢʘʢ ʢ ʙʨʦʥʝʧʣʠʪʢʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʩʝʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʢʪʦʚ 

ʚʘʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʧʨʝʩʩʦʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʘʢʪʦʚ ʠ ʙʫʜʫʱʠʭ 

ʠʟʜʝʣʠʡ ʠ ʠʭ ʧʦʨʠʩʪʦʩʪʠ. ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʚʳʟʳʚʘʝʪ ʵʬʬʝʢʪ 

ʧʝʨʝʧʨʝʩʩʦʚʢʠ, ʪʦ ʝʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʘʛʦʥʘʣʴʥʳʭ ʪʨʝʱʠʥ [2]. 
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ɻʨʘʥʫʣʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʩ ʚʚʝʜʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʚʝʜʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʚʷʟʫʶʱʠʭ ʧʦʚʳʰʘʝʪ ʬʦʨʤʫʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ, ʥʦ ʦʥ ʠʤʝʝʪ ʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

ʜʦʨʦʛʦʚʠʟʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʧʨʦʪʠʨʢʠ, ʦʢʘʪʳʚʘʥʠʷ, ʙʨʝʢʝʪʠʨʦʚʘʥʠʷ [3]. 

ɹʦʣʝʝ ʧʦʣʫʚʝʢʘ ʧʘʨʘʬʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʘʨʘʬʠʥ ʧʦʣʫʯʠʣ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ʰʣʠʢʝʨʥʳʤ 

ʣʠʪʴʝʤ. ʅʦ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʧʨʠ ʪʘʢʦʤ ʤʝʪʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪ 30 - 40 % ʦʪ ʦʙʲʝʤʘ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ [4]. ɺʳʛʦʨʘʥʠʝ ʪʘʢʦʛʦ ʦʙʲʝʤʘ 

ʩʚʷʟʫʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʜʝʬʝʢʪʦʚ 

ʩʪʨʫʢʪʫʨʳ ʠ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʡ ʠ ʧʨʦʯʥʦʡ ʢʝʨʘʤʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʘʨʘʬʠʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʩʩ-ʧʦʨʦʰʢʦʚ ʚ ʥʘʰʝ ʚʨʝʤʷ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, 

ʚʚʠʜʫ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʜʝʬʝʢʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʦʩʝʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʙʤʠʢʨʦʥʥʳʡ ʧʦʨʦʰʦʢ 

Al2O3 (CT 3000 SG, Almatis, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʘʨʘʬʠʥʦʚʘʷ ʵʤʫʣʴʩʠʷ (ʕʨʛʦʚʘʢʩ-60, ʕʨʛʦʪʝʢ, ʈʦʩʩʠʷ). 

ʂʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʩʦʩʪʘʚʠʣʦ 3,6 % ʦʪ ʤʘʩʩʳ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ. 

ʉʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʶʱʠʭ ʪʝʣ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ɻʨʘʥʫʣʳ ʙʳʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʩʫʰʢʠ ʠ ʧʨʦʪʠʨʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ.  

ʇʨʝʩʩʦʚʘʥʠʝ ʢʦʤʧʘʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ 

ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ Instron ʧʨʠ ʜʘʚʣʝʥʠʠ 50, 75 ʠ 100 ʄʇʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʘʢʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥʳ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Carl Zeis EVO 50. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʥʫʣʳ ʨʘʟʤʝʨʦʤ 30 ï 

700 ʤʢʤ. ɻʨʘʥʫʣʳ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʠʭ 

ʧʦʣʫʯʝʥʠʷ. ɻʨʘʬʠʢ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 77 ʜʦ 80 %.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ 



 
 

63 
 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʩʩʦʚʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʜʘʚʣʝʥʠʠ 

50 ʄʇʘ ʚ ʧʨʝʩʩʦʚʢʝ ʠʤʝʶʪʩʷ ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʥʝʨʘʟʨʫʰʝʥʥʳʝ ʛʨʘʥʠʮʳ ʛʨʘʥʫʣ. ʇʨʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ 

ʜʝʬʝʢʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʠʤʝʥʴʰʘʷ ʜʝʬʝʢʪʥʦʩʪʴ ʠʟʣʦʤʘ ʙʳʣʘ ʟʘʤʝʯʝʥʘ ʜʣʷ 

ʢʦʤʧʘʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ 75 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʘ 

ʧʝʨʝʧʨʝʩʩʦʚʢʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʘʢʪʦʚ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 2. ʌʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ: ʘ ï 50 

ʄʇʘ, ʙ ï 75 ʄʇʘ, ʚ ï 100 ʄʇʘ. 

 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʝʩʩ-ʧʦʨʦʰʦʢ ʤʝʪʦʜʦʤ 

ʧʨʦʪʠʨʢʠ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʛʨʘʥʫʣ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʛʨʘʥʫʣ, 

ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ [5].  

ʅʘ ʠʟʣʦʤʘʭ ʢʦʤʧʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ 75 ʠ 100 

ʄʇʘ ʠʤʝʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʟʘʣʝʯʘʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʘʢʪʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 80 % ʦʪ ʪʝʦʨ. ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʨʦʥʝʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ.  
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Abstract. Armor plate for producing a composite armor from alumina is 

manufactured. Characteristics of strength, durability, crack resistance depend on the 

parameters of green bodies. The increase in the density of green part has become a 

research task. The use of paraffin emulsion as the organic binder discussed in this 

article. Preparation of pellets rubbing method used in this study. Dry uniaxial 

compaction was used. Influence of the compacting pressure on the density of green 

bodies considered. At a pressure of 100 MPa, the density of the green bodies was 

80% of theoretical. The fracture mode of a green part obtained with different 

compression pressure are presented. At a pressure of 75 MPa, the minimum number 

of defects was detected. The healing of defects during the sintering process must be 

realized.  

Keywords: alumina, organic binder, uniaxial compaction, paraffin, armor 

ceramics.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʯʝʪʳʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʪʠʧʘ 

Ti-TaïCuïNi ʩʧʣʘʚ ʠ TiïTaïNiïNi ʩʧʣʘʚ, ʛʜʝ TaïCu ʠ TaïNi ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʣʦʠ. ʊʘʢ ʢʘʢ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʪʠʪʘʥ ʠ ʥʠʢʝʣʴ ʦʙʨʘʟʫʶʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʚʝʜʝʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʣʦʝʚ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥ ʪʘʥʪʘʣʘ ʦʪ 0,3 ʜʦ 0,7 

ʤʤ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʦʣʱʠʥʦʡ ʧʣʘʩʪʠʥʳ ʪʘʥʪʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʝʟʜʝʬʝʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʇʨʦʯʥʦʩʪʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ. ɺ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʧʨʦʩʣʦʡʢʦʡ ʤʝʜʴ-ʪʘʥʪʘʣ ʧʨʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʦʡ ï ʤʝʜʴʶ, ʘ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʧʨʦʩʣʦʡʢʦʡ 

ʥʠʢʝʣʴ-ʪʘʥʪʘʣ ï ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʦʚʦʡ ʧʣʘʩʪʠʥʳ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʪʠʪʘʥ, ʥʠʢʝʣʴ, ʪʘʥʪʘʣ, ʤʝʜʴ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʣʦʠʩʪʦʛʦ ʪʠʧʘ [1-2]. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ, ʜʘʞʝ ʪʝʭ, ʩʚʘʨʢʘ ʢʦʪʦʨʳʭ ʜʨʫʛʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʟʘʪʨʫʜʥʝʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ ʧʣʘʚʣʝʥʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʫʛʦʚʦʡ ʠʣʠ 

ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʦʡ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ.  

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 
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ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. ʆʜʥʠʤ 

ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ [3]. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʸʭʩʣʦʡʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʪʠʧʘ Ti-TaïCuïNi 

ʩʧʣʘʚ ʠ TiïTaïNiïNi ʩʧʣʘʚ, ʛʜʝ TaïCu ʠ TaïNi ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʭʦʜʠʣʠ ʚ ʩʦʩʪʘʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ: ʪʠʪʘʥ ɺʊ1-0, ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ 

ʍʅ73ʄɹʊʖ-ɺɼ, ʤʝʜʴ ʄ1, ʥʠʢʝʣʴ ʅʇ2, ʪʘʥʪʘʣ ʊɺʏ.  

ʅʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʪʦʣʱʠʥʦʡ 5 ʤʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʧʦʜʚʠʞʥʦʡ 

ʧʣʘʩʪʠʥʳ. ʉʚʝʨʭʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʣʠ ʬʦʣʴʛʠ ʠʟ ʤʝʜʠ (ʠʣʠ ʥʠʢʝʣʷ) 

ʪʦʣʱʠʥʦʡ 0,1 ʤʤ, ʧʣʘʩʪʠʥ ʪʘʥʪʘʣʘ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ (0,3; 0,5 ʠ 0,7 ʤʤ). ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʠʪʘʥ (ɺʊ1-0) ʪʦʣʱʠʥʦʡ 0,2 ʤʤ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 1 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʙʳʣ ʚʳʙʨʘʥ ʘʤʤʦʥʠʪ 6ɾɺ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʪʠʪʘʥʦʚʦʡ ʧʣʘʩʪʠʥʝ. ʊʦʣʱʠʥʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʤ. 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ 3800 ʤĿʩ
-1
, ʫʛʦʣ 

ʩʦʫʜʘʨʝʥʠʷ ʧʣʘʩʪʠʥ ʙʳʣ ʨʘʚʝʥ 17Á. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʞʝʩʪʢʠʭ ʨʝʞʠʤʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʦʜʠʥ ʧʦʜʨʳʚ ʠ 

ʧʦʟʚʦʣʷʣʘ ʧʦʣʥʦʩʪʴʶ ʩʚʘʨʠʪʴ ʧʘʢʝʪ ʠʟ ʚʩʝʭ ʧʣʘʩʪʠʥ [4-10]. ʉʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʯʝʪʳʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʳʨʝʟʘʥʥʳʭ ʚ ʧʨʦʜʦʣʴʥʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʬʨʦʥʪʘ ʚʦʣʥʳ, ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʟʮʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʠʢʨʦʰʣʠʬʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Axiovert 40 MAT ʬʠʨʤʳ Carl Zeiss ʚ ʨʝʞʠʤʝ ʩʚʝʪʣʦʛʦ ʧʦʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʫʚʝʣʠʯʝʥʠʡ ʦʪ 100 ʜʦ 1000 ʢʨʘʪ.   

ʇʨʦʯʥʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2. ʈʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʜʦʣʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʝʚ. 
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ʈʠʩ.2. ʇʨʦʜʦʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʣʦʝʚ ʚ ʦʙʨʘʟʮʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʣʦʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʱʠʡ ʚʠʜ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʪʠʧʘ Ti-TaïCuïNi ʩʧʣʘʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʘʨʥʦʡ ʰʦʚ ʥʘ ʛʨʘʥʠʮʝ ʤʝʜʴ-

ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʳʤ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʙʝʟʚʦʣʥʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʛʨʘʥʠʮʝ ʤʝʜʴ-

ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʧʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʞʝʩʪʢʠʤʠ ʨʝʞʠʤʘʤʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʩʝʭ ʩʣʦʝʚ. 

    
ʘ     ʙ    ʚ 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʯʝʪʳʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʪʠʧʘ TiïTaïCuïNi ʩʧʣʘʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʦʚʦʡ ʧʣʘʩʪʠʥʳ: ʘ ï ʊʘ-0,3 ʤʤ, ʙ ï ʊʘ-0,5ʤʤ, ʚ ï 

ʊʘ-0,7ʤʤ                                                                 

ʊʠʪʘʥ 

ʊʘʥʪʘʣ 

ʄʝʜʴ 

ʅʠʢʝʣʴ- ʩʧʣʘʚ 

ʊʠʪʘʥ 

ʊʠʪʘʥ 

ʊʘʥʪʘʣ 

ʊʘʥʪʘʣ 

ʄʝʜʴ 

ʄʝʜʴ 

ʅʠʢʝʣʴ- ʩʧʣʘʚ ʅʠʢʝʣʴ- ʩʧʣʘʚ 
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ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʣʦʷʤʠ ʙʳʣʠ ʪʘʥʪʘʣ-ʥʠʢʝʣʴ. ʊʦʣʱʠʥʘ 

ʪʘʥʪʘʣʘ ʪʘʢʞʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0,3 ʜʦ 0,7 ʤʤ. ɺ ʢʦʤʧʦʟʠʪʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʦʚʦʡ ʧʣʘʩʪʠʥʳ, ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ, ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɻʨʘʥʠʮʘ ʥʠʝʣʴ-

ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʠʤʝʝʪ ʩʚʘʨʥʦʡ ʰʦʚ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ʅʘ ʛʨʘʥʠʮʘʭ 

ʥʠʢʝʣʴ-ʪʘʥʪʘʣ ʠ ʥʠʢʝʣʴ-ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʧʣʦʰʥʳʝ ʪʝʤʥʳʝ 

ʧʦʣʦʩʳ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

     

 
   ʘ          ʙ                ʚ 

ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʦʟʠʪʘ ʩ ʥʠʢʝʣʴ-ʪʘʥʪʘʣʦʚʦʡ ʧʨʦʩʣʦʡʢʦʡ: ʘ ï ʊʘ-0,3 ʤʤ; 

ʙ ï ʊʘ-0,5ʤʤ; ʚ ï ʊʘ-0,7ʤʤ   

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʤʝʜʴ-

ʪʘʥʪʘʣʦʚʦʡ ʧʨʦʩʣʦʡʢʦʡ ʪʦʣʱʠʥʘ ʪʘʥʪʘʣʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 4). ʉʨʝʜʥʠʡ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʘʚʠʣ 550 ʄʇʘ. ɼʣʷ ʜʘʥʥʳʭ 

ʊʠʪʘʥ 

ʊʘʥʪʘʣ 

ʅʠʢʝʣʴ 

ʅʠʢʝʣʴ-ʩʧʣʘʚ 

ʊʠʪʘʥ 

ʊʘʥʪʘʣ 

ʅʠʢʝʣʴ-ʩʧʣʘʚ 

ʅʠʢʝʣʴ 

ʊʠʪʘʥ 

ʊʘʥʪʘʣ 

ʅʠʢʝʣʴ 

 

ʅʠʢʝʣʴ-ʩʧʣʘʚ 
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ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ 

ʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʢʦʤʧʦʟʠʮʠʠ ï ʤʝʜʴʶ. ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʩʣʦʡʢʫ ʠʟ ʥʠʢʝʣʷ ʠ ʪʘʥʪʘʣʘ (ʨʠʩʫʥʦʢ 

5). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʪʘʥʪʘʣʘ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʧʘʜʘʝʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 1200 ʄʇʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʘ 0,3 ʤʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʪʘʥʪʘʣʘ ʜʦ 0,7 ʤʤ ʧʘʜʝʥʠʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʦʰʣʦ ʚ 2 ʨʘʟʘ.  

 

                      
ʘ               ʙ 

ʈʠʩ.5. ʀʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚ ʢʦʤʧʦʟʠʪʘʭ: ʘ - ʩ 

ʤʝʜʴ-ʪʘʥʪʘʣʦʚʦʡ ʧʨʦʩʣʦʡʢʦʡ; ʙ - ʩ ʥʠʢʝʣʴ-ʪʘʥʪʘʣʦʚʦʡ ʧʨʦʩʣʦʡʢʦʡ 

 

ɺʳʚʦʜʳ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʙʝʟʜʝʬʝʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ 

ʤʘʪʝʨʠʘʣʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʪʦʣʱʠʥʳ, ʪʘʢ ʠ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʝʚ. ɺ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʧʨʦʩʣʦʡʢʦʡ ʤʝʜʴ-ʪʘʥʪʘʣ 

ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʦʡ ʤʝʜʴʶ, ʘ ʚ 

ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʧʨʦʩʣʦʡʢʦʡ ʥʠʢʝʣʴ-ʪʘʥʪʘʣ ï ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʦʚʦʡ ʧʣʘʩʪʠʥʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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STRUCTURE AND STRENGTH OF TITANIUM AND NICKEL ALLOY 

JOINTS EXPLOSIVELY WELDED THROUGH INTERLAYERS  
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Abstract 

In the current research, results of microstructure and mechanical properties of 

explosively welded four-layered Ti-TaïCuïNi alloy and TiïTaïNiïNi alloy, where 

TaïCu and TaïNi are interlayers, were presented. As titanium with nickel form 

undesirable intermetallic compounds (such as Ti2Ni, TiNi, TiNi 3) one of the solutions 

of this problem based on introduction between them the intermediate layers. One of 

the objectives was to determine the appropriate thickness of the intermediate layer, 

which provides a high strength of multilayered compositions. Thus, in research by 

explosive welding was obtained joints varied by the thickness of tantalum plate from 

0.3 to 0.7 mm. Microstructural studies of multilayered compositions with different 

thickness of tantalum plate indicate on the formation of defect-free joints with 

various types of weld geometry. Results of tensile tests have shown that strength of 

the composition is determined both by the thickness of tantalum as well as by the 

material of the intermediate layer. In composition with copper-tantalum intermediate 

layer, strength is determined by the weakest component is copper. From the other 

side composition with nickel-tantalum intermediate layer, the strength was 

determined by the thickness of tantalum plate. The highest strength properties 

(ultimate strength 1200 MPa) were observed for composite with tantalum of 0.3 mm 

thick.  

Keywords: Titanium, nickel, tantalum, copper, explosion welding, 

interlayers.  
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ɸʥʥʦʪʘʮʠʷ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʪʠʪʘʥʦʚʦʤ ʩʧʣʘʚʝ ɺʊ1-0 ʤʝʪʦʜʦʤ ʚʥʝʚʘʢʫʫʤʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʦʣʱʠʥʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ (ʦʪ 5 ʜʦ 30 % 

ʚʝʩ.), ʩʦʩʪʘʚʠʣʘ 1é1,6 ʤʤ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʳ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʢʘʨʙʠʜʘ ʠ ʙʦʨʠʜʘ ʪʠʪʘʥʘ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʩʣʦʷ ʩ 4250 ʜʦ 6410 ʄʇʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩ 1,3 ʜʦ 2,56 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ ʠʟ 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ.  ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʝʧʦʣʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʙʣʠʟʠ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ, ʚʥʝʚʘʢʫʫʤʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ 

ʥʘʧʣʘʚʢʘ, ʢʘʨʙʠʜ ʪʠʪʘʥʘ, ʙʦʨʠʜ ʪʠʪʘʥʘ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʳ ʠ ʤʘʰʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʘʙʨʘʟʠʚʥʦʛʦ, ʫʩʪʘʣʦʩʪʥʦʛʦ, ʘʜʛʝʟʠʦʥʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʥʦʩʦʚ. ʀ ʚʩʝ ʯʘʱʝ, ʢ 

ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʠʟʜʝʣʠʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠ ʦʪʣʠʯʥʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ.  

ʊʠʪʘʥ ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ [1]. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ 
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ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʛʨʝʚʘ, 

ʪʘʢʠʭ ʢʘʢ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʣʘʟʤʘ, ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ [2-3].   

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʚʥʝʚʘʢʫʫʤʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʥʘʧʣʘʚʢʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʙʦʪʢʫ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʥʠʤʘʷ ʛʘʙʘʨʠʪʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ [4-5]. ʊʘʢʞʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ 

ʯʘʩʪʠʮʳ ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʠʜʳ, ʥʠʪʨʠʜʳ ʠ ʙʦʨʠʜʳ ʤʝʪʘʣʣʦʚ [6-7].  

 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ ʪʠʧʘ ʕʃɺ-6 ʚ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. 

ɹʫʜʢʝʨʘ ʉʆ ʈɸʅ. 

ʅʘ ʟʘʛʦʪʦʚʢʠ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʠʣʘʩʴ ʩʤʝʩʴ 

ʧʦʨʦʰʢʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʪʠʪʘʥʘ ʠ ʬʪʦʨʠʩʪʳʭ ʬʣʶʩʦʚ (ʉaF2 

ʠ LiF). ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʥʘʧʣʘʚʣʷʝʤʦʡ 

ʩʤʝʩʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʩ 5é30 % ʚʝʩ B4C. ʊʦʢ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʠʣ 

28 ʤɸ, ʵʥʝʨʛʠʷ ʧʫʯʢʘ ï 1,4 ʄʵɺ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ï 90 ʤʤ, 

ʯʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 50 ɻʮ ʠ ʧʣʦʪʥʦʩʪʴ ʥʘʩʳʧʢʠ ï 0,2 ʛ/ʩʤ
2
.  

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʦʛʦ ʠ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʟʦʥʳ: ʧʦʢʨʳʪʠʝ, ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʟʦʥʘ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ.  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠq ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʠ 

ʙʦʨʠʜʘ ʪʠʪʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʪʠʪʘʥʦʚʦʡ Ŭ (ŬË) ʤʘʪʨʠʮʝ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʦʣʱʠʥʘ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʣʦʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩ 1 ʜʦ 

1,6 ʤʤ (ʨʠʩ. 1).  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʦʨʠʜʘ ʪʠʪʘʥʘ ʠʤʝʶʪ ʬʦʨʤʫ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʧʨʠʟʤ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʠʩ. 2 ʙ). ʂʘʨʙʠʜ ʪʠʪʘʥʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʜʝʥʜʨʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʚʦʢʨʫʛ ʯʘʩʪʠʮ ʙʦʨʠʜʘ 

ʪʠʪʘʥʘ (ʨʠʩ. 2). ɺʙʣʠʟʠ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ 

ʥʝʨʘʩʪʚʦʨʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʚʦʟʨʦʩʣʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ B4C (ʨʠʩ. 1).  
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ: 

ʘ ï 5 %; ʙ ï 10%; ʚ ï 15 %; ʛ ï 20 %; ʜ ï 25 %; ʝ ï 30 % 
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ʈʠʩ.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʚʥʝʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ:  

ʘ ï ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; ʙ ï ʩʚʝʪʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  

 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʧʦʢʨʳʪʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ ʩ 4250 ʜʦ 6410 ʄʇʘ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ B4C ʚ ʠʩʭʦʜʥʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʥʘʩʳʧʢʝ.  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʝʧʣʝʥʥʳʭ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ɻʆʉʊ 17367-71. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʤʝʥʷʣʩʷ 

ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ1-0, ʝʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʙʳʣʘ ʧʨʠʥʷʣʘ ʟʘ ʝʜʠʥʠʮʫ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʦʰʢʘ 

ʢʘʨʙʠʜʘ ʙʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ 2,56 ʨʘʟʘ ʚʳʰʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʪʠʪʘʥʘ ɺʊ1-0 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʧʣʘʚʢʝ 30 % ʚʝʩ. ʢʘʨʙʠʜʘ ʙʦʨʘ. 

 

4. ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚʩʝʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʩʦʩʪʦʠʪ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʠʜʘ ʠ ʙʦʨʠʜʘ ʪʠʪʘʥʘ. ɺʙʣʠʟʠ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʨʘʩʪʚʦʨʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ 

B4C ʧʨʠ ʦʙʨʘʙʦʪʢʝ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʦʰʢʘ ʩ 5 ʜʦ 30 % ʚʝʩ. B4C  

ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʩ 1 ʜʦ 1,6 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (6410 ʄʇʘ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ (ʚ 2,56 ʨʘʟʘ ʚʳʰʝ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ) ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʫ 

ʦʙʨʘʟʮʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʨʙʠʜʘ ʙʦʨʘ ʨʘʚʥʦʡ 30 % ʚʝʩ. 
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Abstract 

The paper presents the results of investigation of the structure and properties of 

coatings formed on a cp-titanium by the method of non-vacuum electron-beam 

cladding. The thickness of the layers formed with different concentrations of the 

boron carbide powder (from 5 to 30 wt. %) is 1 ... 1.6 mm. The microstructure of the 

coating is a composition of titanium matrix and high-strength ceramic particles of 

titanium carbide and titanium boride. The increase in the concentration of the boron 

carbide powder lead to increase of microhardness level from 4250 to 6410 MPa, as 

well as an increase in the relative wear resistance from 1.3 to 2.56 times in 

comparison with cp-titanium. However, an increase in the concentration of the 

powder results to incomplete dissolution of boron carbide. 
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ʋɼʂ 629.7 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʇʆʀʉʂɸ ɼɽʌɽʂʊʆɺ ɺ ʂʆʄʇʆɿʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃɸʍ 

 

ʕʤʠʨʦʚ ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ, ʩʪʫʜʝʥʪ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ : ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʈʳʥʛʘʯ ʅʠʢʦʣʘʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. +7 (383) 346-31-32 

ʕʤʠʨʦʚ ɸ. ɺ.,email monitoring.nsk@yandex.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʕʤʠʨʦʚ ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. 

ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. +7 (383) 346-31-32 

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʚ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʚ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʤʝʪʦʜʠʢ. ʆʧʨʝʜʝʣʝʥʳ 

ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʜʚʫʭ ʤʝʪʦʜʠʢ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʧʦ ʧʨʦʜʝʣʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚ ʮʝʣʦʤ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʝʢʪʦʩʢʦʧ, ʜʝʬʝʢʪ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʘʚʠʘʩʪʨʦʝʥʠʝ, ʤʝʪʦʜ, ʬʘʟʠʨʦʚʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʯʥʳʭ, ʣʝʛʢʠʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʍʦʪʷ ʢʦʤʧʦʟʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʫʞʝ ʤʥʦʛʦ ʣʝʪ, ʥʘʫʢʘ ʦ 

ʥʠʭ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʘʢʦʤ ʦʥʘ ʩʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʷʚʠʣʘʩʴ ʣʠʰʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʣʠ ʨʘʙʦʪʘʪʴ ʚ ʦʩʦʙʝʥʥʦ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʚ 

ʥʘʰ ʢʦʩʤʠʯʝʩʢʠʡ ʚʝʢ) [1]. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʴʶ, ʞʝʩʪʢʦʩʪʴʶ, ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ, ʚʳʥʦʩʣʠʚʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ʆʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ  ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ. ɼʝʡʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʪʝʨʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʚ ʩʚʷʟʠ ʩ ʚʳʭʦʜʦʤ ʥʘ ʨʳʥʦʢ 

ʚʩʝ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ : ʥʘ ʧʨʠʤʝʨʝ ʜʝʬʝʢʪʦʩʢʦʧʦʚ ʀɼ-91ʤ ʠ Olympus 

OmniScan RollerForm, ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʬʝʢʪʦʩʢʦʧʦʚ ʩʪʘʥʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʈʠʩ. 2. ɸʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩʥʳʡ ʜʝʬʝʢʪʦʩʢʦʧ  

ʀɼ-91ʄ 

 
ʈʠʩ. 2. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ RollerFORM, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʌʈ-ʜʝʬʝʢʪʦʩʢʦʧʦʤ OmniScan 

 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʜʝʬʝʢʪʦʩʢʦʧʘ ʩ ʬʘʟʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ ʷʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʣʫʯʦʤ ʚʦʣʥʳ ʠ ʬʦʢʫʩʠʨʦʚʢʠ  ʬʨʦʥʪʘ ʩʫʤʤʘʨʥʦʡ ʚʦʣʥʳ. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʝʢʪʦʩʢʦʧʘ 

Olympus OmniScan RollerForm ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʡ ʟʦʥʳ ʧʦʢʨʳʪʠʷ, ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʩʦʩʪʘʚʣʷʝʪ 50 ʤʤ.  
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2. ʂʘʨʧʠʥʦʩ ɼ. ʄ.,ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ï ʂ. : ʅʘʫʢʦʚʘ ʜʫʤʢʘ-
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phased array transducer.  

Abstract  
Manufacture of aircraft over time requires the introduction of new 

technologies. In aviation and astronautics there is a need to provide a strong, 

lightweight and abrasion-resistant construction. Manufacture of composite parts is 

very energy-intensive and time-consuming process. One of the main problems in the 

production of composite products is quality control.  

But the most widely used acoustic method. 

Application of this method is about 60% with respect to the other methods. 

Currently, use of Russian-made equipment ID-91 M company AKA-control in the 

production of military and civilian aircraft. This unit has its own pros and cons. In my 

work I'm going to use acoustic flaw Olympus OmniScan RollerForm. The main 

difference is that the latter, which has the ability to output graphics information. Also 

indisputable advantage is the tested area and speed. While the sensor ID-91 M should 

be carried out on all the details with repetitions and a diameter of 15 mm. Device 

Olympus OmniScan RollerForm allows to recognize defects in the product at a rental 

video on the workpiece surface. The width of the roller is 100 mm and the length of 

the rolled parts is not limited. Another important difference is that the ID-M 91 must 

be configured to a certain depth of the defect, and the instrument Olympus OmniScan 

RollerForm does not require it. The proposed method of searching defects saves time 

technologist, increases productivity and also increases the quality of parts due to 

more accurate and detailed detection of marriage.  
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ʉɽʂʎʀʗ: ɹɽɿʆʇɸʉʅʆʉʊʔ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ʀ ʇʈʆʀɿɺʆɼʉʊɺ 

 
ʋɼʂ 504.3 

 

ɸʅɸʃʀɿ ɺʓɹʈʆʉʆɺ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ ɺ ɸʊʄʆʉʌɽʈʋ 

ɿʓʈʗʅʆɺʉʂʆɻʆ ɻʆʈʅʆ-ʆɹʆɻɸʊʀʊɽʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸ (ʊʆʆ 

çʂɸɿʎʀʅʂè) 

 

ɻʘʚʨʠʣʝʥʢʦ ɽʢʘʪʝʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʩʪʫʜʝʥʪ; ʋʜʘʣʴʮʦʚ ɽʚʛʝʥʠʡ 

ɸʥʘʪʦʣʴʝʚʠʯ, ʢʘʥʜ. ʚʝʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,630073,ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

ɻʘʚʨʠʣʝʥʢʦ ɽ.ʅ., email: katiy.95@mail.ru 

ʋʜʘʣʴʮʦʚ ɽ.ɸ.,email: ugodniʩ@gmail.com 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ɿʳʨʷʥʦʚʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʊʆʆ çʂʘʟʮʠʥʢè). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥʘʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʘ. ɺʨʝʜʥʳʝ ʚʳʙʨʦʩʳ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦʩʬʝʨʫ, ʧʦʯʚʫ, 

ʚʦʜʳ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʛʦʨʦʜʦʚ. ʀʟ ʚʩʝʭ ʩʣʘʛʘʶʱʠʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʘʪʤʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ, ʚ ʥʝʸ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʩʪʫʧʘʝʪ 

ʟʘʛʨʷʟʥʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʛʘʟʦʦʙʨʘʟʥʳʝ, ʥʦ ʠ ʞʠʜʢʠʝ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ.  

 ɸʥʘʣʠʟ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʟʘ 2010-2015ʛʛ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʜʘʨʩʢʦʡ, ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʇʦ ʜʘʥʥʳʤ ɼʝʧʘʨʪʘʤʝʥʪʘ ʩʪʘʪʠʩʪʠʢʠ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2015 ʛʦʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 18592 ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ, ʠʟ ʥʠʭ ï 10306 ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ, 8286 ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ [1]. 

ɺ ʪʝʯʝʥʠʝ 2015 ʛʦʜʘ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʠʤʝʶʱʠʤ ʚʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʝ ï 33,1% ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʅʘ ʉʝʤʝʡ ʧʨʠʭʦʜʠʣʦʩʴ 22,9%, ʥʘ ɿʳʨʷʥʦʚʩʢʠʡ ʨʘʡʦʥ - 7% 

ʠ ʥʘ ʐʝʤʦʥʘʠʭʠʥʩʢʠʡ ʨʘʡʦʥ - 6,0%. 

ɺ ʘʪʤʦʩʬʝʨʫ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015 ʛʦʜʫ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦ ʜʘʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʪʯʝʪʥʦʩʪʠ, ʚʳʙʨʦʰʝʥʦ 129 ʪʳʩ. ʪʦʥʥ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʀʟ ʥʠʭ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʦʨʦʜʘ ʧʨʠʭʦʜʠʪʩʷ 81% ʦʪ ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʛʦʨʦʜ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ - 57,4 ʪʳʩ. ʪʦʥʥ (44,5%), ʛʦʨʦʜ ʉʝʤʝʡ - 28,38 ʪʳʩ. ʪʦʥʥ 
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(22%), ʛʦʨʦʜ ʈʠʜʜʝʨ ï 11,61 ʪʳʩ. ʪʦʥʥ ʪʳʩ. ʪʦʥʥ (9%), ɿʳʨʷʥʦʚʩʢʠʡ ʨʘʡʦʥ - 7,74 

ʪʳʩ. ʪʦʥʥ (6%). ʅʘ ʦʩʪʘʣʴʥʳʝ ʨʘʡʦʥʳ ʦʙʣʘʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ 19% ʦʪ 

ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʦʚ.[1] 

ʆʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ɺʂʆ ʷʚʣʷʝʪʩʷ ʊʆʆ çʂʘʟʮʠʥʢè. ʊʆʆ 

çʂʘʟʮʠʥʢè - ʢʨʫʧʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʮʠʥʢʘ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ 

ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʚʳʧʫʩʢʘ ʤʝʜʠ, ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʚʠʥʮʘ - ʜʦʙʳʯʫ ʨʫʜʳ, 

ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʝʝ ʢʦʥʮʝʥʪʨʘʪʦʚ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʠ: ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ, ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ 

ʩʣʠʪʢʘʭ.  

ʊʆʆ çʂʘʟʮʠʥʢè ʙʳʣ ʦʩʥʦʚʘʥ ʚ 1997 ʛʦʜʫ ʧʫʪʝʤ ʩʣʠʷʥʠʷ ʘʢʪʠʚʦʚ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ: 

ʈʠʜʜʝʨʩʢʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ɿʳʨʷʥʦʚʩʢʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʧʦʟʞʝ ʚ ʩʦʩʪʘʚ 

ʊʆʆ çʂʘʟʮʠʥʢè ʚʦʰʣʠ ʊʝʢʝʣʠʡʩʢʠʡ ʩʚʠʥʮʦʚʳʡ ʢʦʤʙʠʥʘʪ. 

ʅʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʩʪʘʚʝ ʊʆʆ çʂʘʟʮʠʥʢè ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ : ʈʠʜʜʝʨʩʢʠʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

(ʈɻʆʂ), ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʋʂ ʄʂ), 

ɿʳʨʷʥʦʚʩʢʠʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ɿɻʆʂ), ʊʝʢʝʣʠʡʩʢʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʊʇʂ) ʠ ɹʫʭʪʘʨʤʠʥʩʢʠʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ (ɹɻʕʂ).[2] 

 ɺ ʩʦʩʪʘʚ ɿʳʨʷʥʦʚʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ:  

- ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ ʄʘʣʝʝʚʩʢʠʡ; 

- ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ ʚ ʛ. ɿʳʨʷʥʦʚʩʢ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2016 ʛʦʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚʩʝʛʦ ʠʤʝʝʪʩʷ 121 ʠʩʪʦʯʥʠʢʘ 

ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʀʟ ʥʠʭ: 92 ï ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠ 29 ï 

ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʮʝʣʦʤ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ ï 49. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʷʪʩʷ ʢ 3 ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ. 

ʉʫʤʤʘʨʥʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʩʪʘʚʣʷʶʪ 

444,513711 ʪ/ʛʦʜ. ʀʟ ʥʠʭ: ʪʚʝʨʜʳʝ ï 349,5477274 ʪ/ʛʦʜ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʞʠʜʢʠʝ 

ï 94,96598363 ʪ/ʛʦʜ. 

ɸʥʘʣʠʟʠʨʫʶ ʩʪʨʫʢʪʫʨʫ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ ʚ ʛ. ɿʳʨʷʥʦʚʩʢ, ʘ ʠʤʝʥʥʦ 58% ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʦʩʦʚ ʚ ʮʝʣʦʤ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ. ʏʝʨʝʟ ʪʨʫʙʳ ʧʝʯʝʡ ʦʙʞʠʛʘ ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʟʘʚʦʜʘ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ  ʚ ʘʪʤʦʩʬʝʨʫ 

ʚr ʙʨʘʩʳʚʘʝʪʩʷ 50% ʦʪ ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ɿɻʆʂ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʠʥʘʤʠʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʮʝʭʘ ʦʙʞʠʛʘ ʠʟʚʝʩʪʥʷʢʘ ʈʝʘʛʝʥʪʥʦʛʦ 

ʢʦʨʧʫʩʘ ʆʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ɿɻʆʂ ʊʆʆ "ʂʘʟʮʠʥʢ" ʟʘ 2014-2016ʛʛ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 2 ʨʘʟʘ. ʋʤʝʥʴʰʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʯʘʩʦʚ ʨʘʙʦʪʳ ʧʝʯʝʡ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʘ. 
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ɺʳʚʦʜ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ɿr ʨʷʥʦʚʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʊʆʆ çʂʘʟʮʠʥʢè), ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ. ɺ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʝ ʧʝʨʝʜ ʤʥʦʡ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ: ʆʩʚʦʠʪʴ ʤʝʪʦʜʠʢʫ ʦʪʙʦʨʘ 

ʧʨʦʙ ʪʨʫʙ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʝʥʪʠʣʷʮʠʠ ɸʉ-1 ʦʪ ʧʝʯʠ 1 ʠ ʧʝʯʠ 2 ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʟʘʚʦʜʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʇɼɺ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʘ ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʟʘʚʦʜʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʕʨʘè ʚʝʨʩʠʠ 1.7 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʶʣʣʝʪʝʥʴ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ; 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʦʢʘʟʳʚʘʶʱʠʝ ʨʝʰʘʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʚ ʦʙʫʚʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʆʭʨʘʥʘ ʪʨʫʜʘ; ʙʝʟʦʧʘʩʥʦʩʪʴ; ʫʩʣʦʚʠʷ ʪʨʫʜʘ; ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ; 

ʜʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʳ. 

 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ (ʉʋʆʊ) ʙʳʣʦ 

ʠ ʦʩʪʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʢʦʪʦʨʘʷ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʙʳ ʚʳʧʦʣʥʝʥʠʶ ʩʚʦʝʡ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ð ʩʦʟʜʘʥʠʶ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʣʷ ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʅʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʦʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʆʙʱʠʝ ʬʘʢʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʙʦ ʚʥʫʪʨʝʥʥʠʤʠ (ʩʠʩʪʝʤʥʳʤʠ) ʩʚʦʡʩʪʚʘʤʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʣʠʙʦ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʥʝʩʠʩʪʝʤʥʳʝ). ʆʜʥʘʢʦ 

ʚʩʝʭ ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘ-ʩʨʝʜʘè. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʚʝʜʫʱʠʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ, ð ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʡ ʩʠʩʪʝʤʳ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʦʤʧʘʥʠʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʱʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʩʦʙʣʶʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʉʦʟʜʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʙʝʟʚʨʝʜʥʦʡ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʪʨʫʜʘ (ʆʊ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʫʩʣʦʚʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ. ʂ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ī ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ; 

ī ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʯ ʦʭʨʘʥʳ ʪʨʫʜʘ; 

ī ʦʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ, ʘʥʘʣʠʟʘ ʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ; 

ī ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʤʝʪʦʜʦʚ ʤʦʨʘʣʴʥʦʛʦ ʠ 
ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʟʘ ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ; 

ī ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ ʥʘ ʦʭʨʘʥʫ ʪʨʫʜʘ. 

ʈʘʙʦʪʘ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʥʘ ʦʙʫʚʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʛʣʘʚʥʦʡ ʮʝʣʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʊʨʫʜʦʚʦʤ ʢʦʜʝʢʩʝ 

ʈʌ (ʩʪ. 209, 210) - ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʩʚʷʟʠ ʩ ʥʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ 

ʨʘʙʦʪʦʜʘʪʝʣʷ, ʨʘʙʦʪʥʠʢʦʚ, ʧʨʦʬʩʦʶʟʘ ʠ ʜʨʫʛʠʭ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʨʘʙʦʪʥʠʢʘʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʇʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʩʪʦʨʦʥ ʦʧʨʝʜʝʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʨʘʚʦʚʳʤʠ 

ʘʢʪʘʤʠ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ ʜʘʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʤʝʥʠʣʠ ʠʥʩʪʨʫʤʝʥʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ. ɼʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʙʲʝʢʪ ʘʥʘʣʠʟʘ. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʜʘʝʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʦ ʪʝʭ ʬʘʢʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ, ʥʦ ʠ ʦ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʣʝʞʠʪ 

ʦʧʨʝʜʝʣʝʥʠʝ (ʧʦʩʪʘʥʦʚʢʘ) ʟʘʜʘʯʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ. ʇʨʠ 

ʚʳʯʝʨʯʠʚʘʥʠʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ʧʦʩʪʨʦʝʥʠʝ 

ʥʘʯʠʥʘʶʪ ʩ ʪʦʛʦ, ʯʪʦ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʝʣʢʝ, ʠʟʦʙʨʘʞʘʶʱʝʡ 

ʦʙʲʝʢʪ ʘʥʘʣʠʟʘ, ʧʦʜʚʦʜʷʪ ʙʦʣʴʰʠʝ ʧʝʨʚʠʯʥʳʝ ʩʪʨʝʣʢʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʛʣʘʚʥʳʝ 

ʬʘʢʪʦʨʳ (ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ), ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʲʝʢʪ ʘʥʘʣʠʟʘ. ɼʘʣʝʝ ʢ ʢʘʞʜʦʡ 

ʧʝʨʚʠʯʥʦʡ ʩʪʨʝʣʢʝ ʧʦʜʚʦʜʷʪ ʩʪʨʝʣʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢ ʢʦʪʦʨʳʤ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʜʚʦʜʷʪ ʩʪʨʝʣʢʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʪ.ʜ. ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ 

ʜʠʘʛʨʘʤʤʫ ʥʝ ʙʫʜʫʪ ʥʘʥʝʩʝʥʳ ʚʩʝ ʩʪʨʝʣʢʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʬʘʢʪʦʨʳ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʢʪ ʘʥʘʣʠʟʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʂʘʞʜʘʷ ʠʟ ʩʪʨʝʣʦʢ, ʥʘʥʝʩʸʥʥʘʷ ʥʘ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʝ ʧʦʣʦʞʝʥʠʷ ʣʠʙʦ ʧʨʠʯʠʥʫ, ʣʠʙʦ ʩʣʝʜʩʪʚʠʝ: ʧʨʝʜʳʜʫʱʘʷ ʩʪʨʝʣʢʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʚʩʝʛʜʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʠʯʠʥʘ, ʘ ʧʦʩʣʝʜʫʶʱʘʷ ï 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ. 



 
 

85 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʩʪʝʤʳ ʆʊ ʦʙʫʚʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʩʝ ʝʝ ʵʣʝʤʝʥʪʳ ʧʦ ʩʤʳʩʣʦʚʳʤ ʠ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤ ʙʣʦʢʘʤ: ʢʘʜʨʦʚʘʷ ʧʦʣʠʪʠʢʘ; ʦʨʛʘʥʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ; 

ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ; ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ. ʇʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʆʊ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 

ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʙʣʦʢʦʚ ʚʦʟʤʦʞʥʦ ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʘʶʱʠʭ ʠ 

ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʢʨʘʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʠʘʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʝʥʳ 

ʧʨʠʯʠʥʳ ʠ ʫʩʣʦʚʠʷ ʪʨʘʚʤʘʪʠʟʤʘ. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

ʈʠʩ. ʇʨʠʯʠʥʳ ʠ ʫʩʣʦʚʠʷ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

 

ɼʣʷ  ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʜʝʣʝʥʦ 5 ʧʝʨʚʦʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ, ʧʦ-

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʶʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʨʘʟʚʠʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʉʋʆʊ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ: 

1. ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ (ʟʘʚʝʨʰʝʥʥʘʷ) ʉʋʆʊ; 

2. ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʘʫʜʠʪʘ (ʚʥʫʪʨʝʥʥʷʷ) ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʉʋʆʊ; 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʨʘʚʤʘʪʠʟʤ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʧʨʠʯʠʥʳ 

ʊʝʭʥʠʯʝʩʢʠʝ 

ʧʨʠʯʠʥʳ 

ʅʝʜʦʩʪʘʪʢʠ 

ʦʙʫʯʝʥʠʷ 

ʏʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ 

ʧʦʤʝʱʝʥʠʷʭ 

ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ 

ʅʝʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣʴ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʙʦʪ 

ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

ʈʘʙʦʪʘ ʥʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʥʝʠʩʧʨʘʚʥʳʭ 

ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ 

ʅʝʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ 

ʅʘʨʫʰʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ 

ʅʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

ʅʘʨʫʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ 

ʅʝʜʦʩʪʘʪʢʠ ʚ 
ʦʙʫʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʳʤ 

ʧʨʠʝʤʘʤ 

ʪʨʫʜʘ 

ɿʜʦʨʦʚʴʝ, ʣʠʯʥʳʝ 

ʧʨʦʙʣʝʤʳ 
ʆʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ 

ʉʨʝʜʘ ʦʙʠʪʘʥʠʷ 
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3. ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʧʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʛʨʘʤʤʳ 

ʠʥʩʪʨʫʢʪʘʞʝʡ, ʩʪʘʥʜʘʨʪʳ ʧʦ ʆʊ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʛʣʷʜʥʦ, 

ʨʘʙʦʪʥʠʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʳ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʠ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤ, ʦʪʩʶʜʘ ʩʥʠʞʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ 

ʦʧʘʩʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ; 

4. ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʮʝʭʦʚ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

(ʦʪʩʫʪʩʪʚʫʝʪ ʨʷʜ ʧʦʤʝʱʝʥʠʡ: ʛʘʨʜʝʨʦʙʥʳʝ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʰʢʘʬʘʤʠ, ʣʠʯʥʦʡ 

ʛʠʛʠʝʥʳ ʞʝʥʱʠʥ, ʢʦʤʥʘʪʳ ʦʪʜʳʭʘ, ʧʨʠʝʤʘ ʧʠʱʠ ʠ ʜʨ.); 

5. ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʦʙʣʘʩʪʠ ʆʊ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʚ ʧʝʨʝʯʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʦʩʪʦʷʥʠʝ ʆʊ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʨʘʙʦʪʦʜʘʪʝʣʴ ʤʦʞʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʤʝʨ ʚ ʦʙʣʘʩʪʠ ʆʊ, ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʊʠʭʦʥʦʚʘ ʆ. ɺ., ʂʦʥʜʨʘʰʦʚʘ ʆ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦʙ ʫʣʫʯʰʝʥʠʠ ʫʩʣʦʚʠʡ 
ʪʨʫʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ/ ɼʠʟʘʡʥ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʠ 

ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʀʥʥʦʚʘʮʠʠ-2015): ʩʙ. ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ.-ʄ.: ʌɻɹʆʋ ɺʇʆ çʄɻʋɼʊè, 2015.-98-99 ʩ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʊʈʋɹʆʇʈʆɺʆɼʆɺ ʇʈʆʅʀʂɸʖʑʀʄʀ 

ʀɿʃʋʏɽʅʀʗʄʀ  

 

ʀʚʘʥʦʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʝʝʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, 

 ʇʦʣʷʢʦʚ ʖʨʠʡ ʆʣʝʛʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 
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       ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ  ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ  ʰʚʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʘʧʧʘʨʘʪʳ (ʈɸ). ʇʨʠ ʨʘʙʦʪʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʦʪ ʦʙʣʫʯʝʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʤʝʥʷʝʤʳʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʚʝʯʠʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ 

ʦʩʥʦʚʥʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʫʣʴʩʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ  ʜʣʷ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʩʩʤʦʪʨʝʥ  ʚʢʣʘʜ  ʘʣʴʙʝʜʦ 

ʚ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ ʠʟʣʫʯʝʥʠʷ.  ʅʘ ʦʩʥʦʚʝ ʥʦʨʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ.       

       ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʘʧʧʘʨʘʪʳ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʘʣʴʙʝʜʦ. 

        

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʵʪʦ ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʜʦʩʪʦʚʝʨʥʳʭ ʩʧʦʩʦʙʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʦʧʫʣʷʨʝʥ ʧʨʠ ʧʨʦʚʝʨʢʝ 

ʩʦʝʜʠʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʨʘʟʣʠʯʥʦʛʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʝʤʳʡ ʯʘʱʝ ʚʩʝʛʦ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʥʘ ʬʦʪʦʧʣʝʥʢʫ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ  

ʘʨʭʠʚʘʮʠʶ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ [1]. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʩʦʤʘʪʠʢʦ 

- ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʙʣʫʯʝʥʠʷ , ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʧʨʠʨʦʜʫ, ʦʙʥʘʨʫʞʠʪʴ ʪʨʫʜʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ 

ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʡ ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ, ʠʟʤʝʨʷʝʤʳʡ ʜʝʩʷʪʢʘʤʠ ʣʝʪ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʤʘʪʠʢʦ ï ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʦʙʣʫʯʝʥʠʷ ʥʝ ʠʤʝʶʪ ʜʦʟʦʚʦʛʦ ʧʦʨʦʛʘ.   

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ 

ʠʤʧʫʣʴʩʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ  

ʦʪʝʯʝʩʪʚʝʥʥʳʭ  ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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 ʊʘʙʣʠʮʘ 1.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ.                   

ˉʧ/ʧ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʤʠʨ -

300 

ɸʨʠʥʘ-3 ɸʨʠʥʘ-7 ɸʨʠʥʘ-

9 

1 ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ, ʢɺ 

300 220 250 300 

2 ʄʘʢʩ. ʪʦʣʱʠʥʘ ʧʨʦʩʚʝʯ. ʩʪʘʣʠ, 

ʤʤ 

30, 80 50 40 40, 80 

3 ɼʠʘʤʝʪʨ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ, ʤʤ 2,5 2 2,5 2,5 

4 ɼʦʟʘ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʷʤʦʤ 

ʧʫʯʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ.  0,5 ʤ  ʟʘ 

1,5 ʤʠʥ, ʤʈ 

1500 600 1000 1200 

5 ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ 

ʠʤʧʫʣʴʩʦʚ, ɻʮ 

10 10 15 15 

6 ɺʝʩ ʠʟʣʫʯʘʪʝʣʷ, ʢʛ 6,5 5,5 12 7,5 

 

        ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ ʩʦʟʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʟʫ ʠʟʣʫʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʤʧʫʣʴʩʥʳʭ ʈɸ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʵʢʩʧʦʟʠʮʠʷ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ. 

  ʆʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʧʨʷʤʦʛʦ ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ  100 ï 180 ʛʨʘʜʫʩʦʚ (ʨʠʩ. 1).    

 
ʈʠʩ. 1ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ      ʘʧʧʘʨʘʪʘ  ʄʀʈɸ -2ɼ: 

1 ï ʠʟʣʫʯʘʪʝʣʴ; 2 ï ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

 

       ʇʨʠ ʧʨʦʩʚʝʯʠʚʘʥʠʠ ʢʦʣʴʮʝʚʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʩʘʤʦʭʦʜʥʳʤʠ ʢʨʦʫʣʝʨʘʤʠ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
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ʢʦʥʪʨʦʣʷ.         ʇʨʠ ʨʘʜʠʦʛʨʘʬʠʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʩʪʨʦʷʱʠʭʩʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦ ʨʘʩʧʦʣʘʛʘʪʴ  ʚʥʫʪʨʠ ʪʨʫʙʳ. ʇʨʠ ʢʦʥʪʨʦʣʝ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ  ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʦʩʚʝʯʠʚʘʥʠʝ ʯʝʨʝʟ ʜʚʝ 

ʩʪʝʥʢʠ  ʩʥʘʨʫʞʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ    ʨʘʙʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ  ʧʨʠ ʢʦʥʪʨʦʣʝ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ  

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [2].  

       ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʩʦʜʝʨʞʘʪ  ʬʘʩʦʥʥʳʝ ʜʝʪʘʣʠ 

(ʦʪʚʦʜʳ, ʧʝʨʝʭʦʜʳ, ʪʨʦʡʥʠʢʠ, ʟʘʛʣʫʰʢʠ), ʯʘʩʪʦ ʚʳʧʦʣʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʠ. ɺʳʙʠʨʘʝʤʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʪʘʢʠʭ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʧʦʣʦʩʪʠ ʦʙʲʝʢʪʘ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ  ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʭʝʤ 

ʧʨʦʩʚʝʯʠʚʘʥʠʷ  ʧʨʠ ʢʦʥʪʨʦʣʝ ʩʚʘʨʥʳʭ ʰʚʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

                
      

ʈʠʩ. 2. ʉʭʝʤʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʰʚʦʚ  

ʚʨʝʟʦʢ ʤʘʣʦʛʦ ʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  

 

      ɸʥʘʣʠʟ ʚʩʝʭ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʭʝʤ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [3] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʩʚʝʯʠʚʘʥʠʠ ʯʝʨʝʟ 

ʜʚʝ ʩʪʝʥʢʠ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ  ʧʦʜʚʝʨʛʥʫʪʴʩʷ  ʦʙʣʫʯʝʥʠʶ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦ ï 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʘʣʴʙʝʜʦ).  ɸʣʴʙʝʜʦ    ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 100-300 ʢʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʠʤʧʫʣʴʩʥʳʭ  ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʦʙʨʘʪʥʦ ï 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʦ ʠ ʩʨʝʜʩʪʚʘ ʝʛʦ ʢʨʝʧʣʝʥʠʷ (ʦʧʦʨʳ, ʢʨʦʥʰʪʝʡʥʳ, ʧʦʜʚʝʩʢʠ), 

ʧʦʧʘʚʰʠʝ ʚ ʧʨʷʤʦʡ  ʧʫʯʦʢ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ   ʥʝʧʦʜʚʠʞʥʳʝ ʦʧʦʨʳ ʠʟ ʙʝʪʦʥʘ 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʦʪʨʘʟʠʪʴ ʜʦ 70% ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʠʭ ʠʟʣʫʯʝʥʠʷ [4].   

ʈʘʩʩʯʠʪʘʪʴ  ʧʘʨʘʤʝʪʨʳ ʘʣʴʙʝʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ,  ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʩʧʝʢʪʨʘʣʴʥʦ - ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʪʥʦ ï ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʧʨʷʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ 

ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

       ʆʩʥʦʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʜʠʦʛʨʘʬʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʪʨʦʛʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

       ʈʝʢʦʤʝʥʜʫʝʪʩʷ  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ  ʜʝʨʞʘʪʴʩʷ ʢʘʢ ʤʦʞʥʦ ʜʘʣʴʰʝ ʦʪ 

ʠʟʣʫʯʘʪʝʣʷ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ. ʕʪʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ, ʧʨʠʤʝʥʷʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ   ʜʣʠʥʦʡ ʢʘʙʝʣʷ ʤʝʞʜʫ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʣʫʯʘʶʱʠʤ ʙʣʦʢʦʤ.  

       ʋʤʝʥʴʰʠʪʴ ʘʣʴʙʝʜʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʣʣʠʤʘʪʦʨʦʚ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʧʨʷʤʦʛʦ ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ. 



 
 

90 
 

       ʉʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʪʦʜʠʢʘʤ [5,6]. 

       ʉʣʝʜʫʝʪ ʚʩʝʛʜʘ ʧʦʤʥʠʪʴ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʩʣʦʞʥʦ 

ʠʟʙʝʞʘʪʴ, ʯʪʦ ʦʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʨʘʙʦʪʳ  ʧʨʦʚʦʜʷʪʩʷ ʯʘʩʪʦ ʠ 

ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʦʩʣʦʞʥʝʥʠʷ, ʧʝʨʝʨʘʩʪʘʶʱʠʝ ʚ ʭʨʦʥʠʯʝʩʢʫʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʙʦʣʝʟʥʴ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʣʝʜʠʪʴ ʟʘ 

ʪʝʤ, ʢʘʢʫʶ ʜʦʟʫ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ, ʠʩʧʦʣʴʟʫʷ  ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʟʠʤʝʪʨʳ.  
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 Abstrakt.  In accordance with the requirements of industrial safety of 

technical facilities for nondestructive testing of the welded joints in technological 

pipelines used radiographic method. As ionizing radiation sources use of x-ray 

apparatus (RA). When working with sources of ionizing radiation are required to 

protect operating personnel from radiation. Analyzed applied geometry x-ray, the 

main characteristics of the pulsed x-ray apparatus for radiographic testing in various 

conditions, the contribution of the albedo to the absorbed dose of radiation. On the 

basis of radiation safety standards provides recommendations for reducing radiation 

exposure. 

Keywords. Radiation safety, x-ray machines, radiographic control, albedo. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ 

ʣʠʬʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʚʳʩʦʪʥʦʩʪʴ ʟʜʘʥʠʡ, ʩʢʦʨʦʩʪʴ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʚʘʨʠʡ, 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚ, ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2015 ʛʦʜʳ ʚ 

ʞʠʣʦʤ ʠ ʥʝʞʠʣʦʤ ʬʦʥʜʝ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʩʦʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ, ʧʦʚʣʝʢʰʠʝ ʟʘ ʩʦʙʦʡ 

ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʣʠʬʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʆʆ çʆʨʙʠʪʘè, 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ [1-4]. ʅʘ ʆʆʆ çʆʨʙʠʪʘè ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ  ʠ ʧʨʝʜʣʦʞʝʥʳ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʃʠʬʪ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʦʙʲʝʢʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʘʚʘʨʠʠ, ʦʪʢʘʟ, 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ  
ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʡ ʪʝʤʳ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʩʪʘʪʠʩʪʠʢʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩ 2011 ʛʦʜʘ ʧʦ 2015 ʛʦʜ [5]. ʅʘ ʨʠʩʫʥʢʝ 1 

ʦʪʦʙʨʘʞʝʥʳ ʪʦʣʴʢʦ ʪʝ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʢʦʪʦʨʳʝ ʧʦʚʣʝʢʣʠ ʟʘ ʩʦʙʦʡ ʣʠʙʦ 

ʪʨʘʚʤʫ, ʣʠʙʦ ʛʠʙʝʣʴ ʣʶʜʝʡ. 2011 ʛʦʜ, 2012 ʛʦʜ ʠ  2013 ʛʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʦʢʦʣʦ 22 ʚ ʛʦʜ. ɺ 

2014 ʛʦʜʫ ʬʠʢʩʠʨʫʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 4 ʨʘʟʘ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 2013 ʛʦʜʫ ʣʠʬʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

mailto:milevskij@corp.nstu.ru
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ʦʬʠʮʠʘʣʴʥʦ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ ʠʟ ʨʝʝʩʪʨʘ ʦʙʲʝʢʪʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʠʩʢʣʶʯʝʥʠʝʤ ʬʫʥʢʮʠʡ ʫʯʝʪʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʠʬʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʈʦʩʪʝʭʥʘʜʟʦʨʘ [6].  

 
ʈʠʩʫʥʦʢ 1. ʂʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʣʠʬʪʘʭ ʚ ʈʌ 

 

ʊʝʦʨʠʷ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʣʠʬʪʝ ʩ 2011 

ʛʦʜʘ ʧʦ 2015 ʛʦʜ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʣʠʬʪʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʯʠʥ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡ ʚ ʣʠʬʪʝ 

˽͙ͪ;͙ͤ· ͍͙͚͊͊ͪ 

͔͍͔̉ͦ͡;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ 

˻΄͙͙͋͟ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ 

̆͊͊ͭͤͦͫͭ͡Έ ͙͍ͨ͊ͫͫ͊͗ͪͦ 

ˤ͙͊ͤ͒͊͘͡ 

˻͎͙ͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ 
ͺ͊ͭͦͪ͟· 

˹͔ͻ͍͊ͭ͊͟ 
͍͙͊͟͡ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ 
͔ͫͨͼ͙͙͍͊ͫͭͦ͡ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ 
͔͔ͦ͋ͫͨ;͔ͤͤͦͫͭΈ ͙͡ͺͭ͊ 

˹͔͍͔͍͔͔ͫͦͪͣͤͤͦͫͭΈ 
͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ύ 

̏ͫͨͯ͊ͭ͊͟͡ͼ͙Ύ 
͙͡ͺ͍ͭͦΣ͍ͦͭͪ͊͋ͦͭ͊΄͙ͻ 
͙͍ͤͦͪͣ͊ͭͤ·͚ ͫͪͦ͟ 

͔́ͻ͙ͤ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· 

˸͔ͻ͙͊ͤ;͔͙͔ͫ͟ ͔͙͍͙ͤͫͨͪ͊ͤͦͫͭ 

˹͔͙͍ͫͨͪ͊ͤͦͫͭΈ ͍͙͙͊ͭͦͣ͊ͭ͟ 

˹͔͙͍ͫͨͪ͊ͤͦͫͭΈ Ή͔͙͙ͭͪ͟͟͡ 
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ɺʳʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʯʠʥ ʧʨʠ ʘʚʘʨʠʠ: ʪʝʭʥʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʅʘ ʧʨʠʤʝʨʝ ʣʠʬʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʆʆ çʆʨʙʠʪʘè, 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ [2-5]. ɺr̫ʚʣʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

 

ʬʘʢʪʦʨʳ ʚʳʷʚʣʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

-ʢʦʥʪʨʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ, 

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦ - ʪʝʭʥʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ 

ʢʘʞʜʳʡ ʤʝʩʷʮ; 

-ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ 

ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ ʣʠʬʪ ʧʦʜʣʝʞʠʪ ʧʨʦʚʝʨʢʝ 

ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ʅʝʭʚʘʪʢʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ 

ɺ ʰʪʘʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʣʠʬʪʝʨʳ. 

ʅʝʩʚʦʝʚʨʝʤʝʥʥʦʩ

ʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝʪ ʞʫʨʥʘʣʘ ʫʯʝʪʘ 

ʝʞʝʜʥʝʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʣʠʬʪʘ. ʉʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʝʞʝʜʥʝʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦʣʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʞʫʨʥʘʣʝ 

ʫʯʝʪʘ, ʩ ʫʢʘʟʘʥʠʝʤ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʦʜʧʠʩʴʶ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʧʨʦʚʦʜʠʚʰʝʛʦ ʦʩʤʦʪʨ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚ ʚ ʆʆʆ çʆʨʙʠʪʘè ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ 

ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, 

-ʧʨʠʦʙʨʝʪʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʚʝʜʝʥʠʶ ʢʦʥʪʨʦʣʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ; 
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-ʥʘʝʤ ʠʣʠ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

- ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʘ ʩ ʥʦʚʦʡ ʠʥʞʝʥʝʨʥʦ ï ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʧʨʦʚʦʜʷʱʝʡ ʢʦʥʪʨʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʚʦʜʷʱʝʡ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ ʣʠʬʪʘ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʭʚʘʪʢʦʡ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚ ʚ ʆʆʆ çʆʨʙʠʪʘè 

ʧʨʝʜʣʦʞʝʥʦ ʥʘʥʷʪʴ ʚ ʰʪʘʪ ʧʨʝʜʧʨʠʷʪʠʷ ʣʠʬʪʝʨʦʚ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚ ʚ 

ʆʆʆ çʆʨʙʠʪʘè ʧʨʝʜʣʦʞʝʥʦ ʟʘʚʝʩʪʠ ʞʫʨʥʘʣ ʝʞʝʜʥʝʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʣʠʬʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʞʫʨʥʘʣʝ ʜʦʣʞʥʳ ʫʢʘʟʳʚʘʪʴʩʷ ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʟʘʚʝʨʝʥʥʳʝ ʧʦʜʧʠʩʴʶ ʩʦʪʨʫʜʥʠʢʘ, ʧʨʦʚʦʜʠʚʰʝʛʦ ʝʞʝʜʥʝʚʥʳʡ ʢʦʥʪʨʦʣʴ. 

 

ɺʳʚʦʜʳ: 

ʇʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʚʘʨʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʯʠʥ ʧʨʠ ʘʚʘʨʠʠ: ʪʝʭʥʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ.  

ɺʳʷʚʣʝʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʬʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʆʆʆ çʆʨʙʠʪʘè, ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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Abstract 

This article discusses the problem of ensuring safe operation of elevator 

equipment. 

A statistical analysis of accidents occurred during the operation of elevators in 

the period from 2011 to 2015 in residential and non-residential funds. 

Based on the obtained statistical data, a classification of the causes of failures 

and accidents in the operation of elevators is made. 

On the example of elevators located on the territory of the enterprise LLC 

"Orbita", carried out a study of the implementation of organizational and technical 

activities and routine maintenance, in accordance with regulatory and technical 

documentation. 

Discrepancies to the requirements of normative and technical documentation 

are revealed and measures for their elimination are suggested. 

Keywords 

Elevator, operation, object of potential danger, accidents, failure, emergency 

incidents, maintenance. 
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ɺ ʩʪʘʪʴʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʨʳʚʘ ʚ ʢʦʪʝʣʴʥʦʡ ˉ15 

ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʜʚʘʣʴʥʦʤ 

ʧʦʤʝʱʝʥʠʠ ʞʠʣʦʛʦ ʜʚʫʭʵʪʘʞʥʦʛʦ ʜʦʤʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ, ʘ ʪʘʢʞʝ ʙʣʠʟʣʝʞʘʱʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʞʠʣʳʭ ʜʦʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʦʣʴ; ʚʟʨʳʚ; ʧʦʞʘʨ; ʢʦʪʝʣʴʥʘʷ ʚ ʞʠʣʦʤ ʜʦʤʝ; ʘʚʘʨʠʠ 

ʚ ʢʦʪʝʣʴʥʦʡ; ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʨʳʚʘ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ [1], ʧʦʜ ʢʦʪʝʣʴʥʦʡ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʢʦʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʮʝʣʷʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʥʦʚʥʦʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʪʝʣʴʥʦʡ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ. 

ɻʣʘʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʦʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʪʨʠ ʩʪʘʣʴʥʳʭ ʢʦʪʣʘ, ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʦʙʲʸʤ 0,93 ʤ
3
 ʠ ʦʜʠʥ ï 0,485 ʤ

3
. ɺʩʝ ʢʦʪʣʳ ʨʘʙʦʪʘʶʪ ʥʘ ʪʚʝʨʜʦʤ 

ʪʦʧʣʠʚʝ (ʢʘʤʝʥʥʦʤ ʠʣʠ ʙʫʨʦʤ ʫʛʣʝ), ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʜʘʚʣʝʥʠʠ 0,6 ʄʇʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘ ʚʦʜʳ ʙʦʣʝʝ 115 Üʉ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ [2], ʢ ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪʥʦʩʷʪʩʷ ʦʙʲʝʢʪʳ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ ʧʦʜ 

ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʙʦʣʝʝ 0,07 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘ ʚʦʜʳ ʙʦʣʝʝ 

115Üʉ.ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʪʝʣʴʥʘʷ ʷʚʣʷʝʪʩʷ ʦʧʘʩʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʦʙʲʝʢʪʦʤ, ʘ ʟʥʘʯʠʪ ʥʘ ʥʝʡ ʚʦʟʤʦʞʥʳ ʘʚʘʨʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʟʨʳʚʘʤʠ ʚ 

ʘʧʧʘʨʘʪʫʨʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʘʚʤʘʤ ʣʶʜʝʡ. 

ʇʨʠ ʘʚʘʨʠʠ ʚ ʢʦʪʝʣʴʥʦʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ 

ʩʮʝʥʘʨʠʷ. ɼʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʥʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚ 

ʧʝʨʝʛʨʝʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʧʨʠʤʝʨ, ʦʪʢʘʟʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ. ʇʦʢʘʟʘʪʝʣʴ ŭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʘ 

ʧʨʠ ʵʪʦʤ ʧʨʝʚʳʰʘʝʪ 0,36, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʟʨʳʚʘ. 
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ʈʠʩ. ï çɼʝʨʝʚʦ ʩʦʙʳʪʠʡè ʘʚʘʨʠʡ ʥʘ ʢʦʪʝʣʴʥʦʡ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʠ 

ʧʨʦʭʦʜʷʱʝʡ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʩʮʝʥʘʨʠʝʚ.  

ɺʩʝ ʨʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [3]. 

ɻʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʟʨʳʚʘ ʠ ʧʨʠ ʚʟʨʳʚʝ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʝʨʝʛʨʝʪʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʠ ʧʨʠ ʚʟʨʳʚʝ ʫʛʦʣʴʥʦʡ ʧʳʣʠ, ʷʚʣʷʶʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʠʤʧʫʣʴʩ ʬʘʟʳ ʩʞʘʪʠʷ. ʆʜʥʘʢʦ, ʚ ʦʜʥʦʤ ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʟʘʚʠʩʷʪ ʦʥʠ ʦʪ 

ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʧʨʠ ʚʟʨʳʚʝ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʝʨʝʛʨʝʪʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ 

ʬʦʨʤʫʣʝ (1), ʘ ʠʤʧʫʣʴʩ ʬʘʟʳ ʩʞʘʪʠʷ ʧʦ ʬʦʨʤʫʣʝ (2).   

Ў̋ ˝ πȟψz
̐̑
ȟ

σz
̐̑
Ȣ

υz
̐̑

                            (1) 

Ὅ ρςσz
̐̑
Ȣ

                                                  (2) 

ʛʜʝ ʈ0 ð ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʇʘ (ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 

101 ʢʇʘ); 

mʧʨ ð ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ, ʢʛ; 

r ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʨʝʟʝʨʚʫʘʨʘ ʜʦ ʦʙʲʝʢʪʘ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʣʥ ʩʞʘʪʠʷ, ʤ; 

ɺʟʨʳʚ ʧʝʨʝʛʨʝʪʦʡ ʞʠʜʢʦʩʪʠ ʚʳʟʦʚʝʪ ʚʟʜʳʙʣʠʚʘʥʠʝ ʫʛʦʣʴʥʦʡ ʧʳʣʠ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʚʟʨʳʚʫ ʫʞʝ ʫʛʦʣʴʥʦʡ ʧʳʣʠ. ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʠʤʧʫʣʴʩ ʬʘʟʳ 

ʩʞʘʪʠʷ ʧʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (3), (4). 

Ў̋ ᶻ ȟ                                              (3) 

ʛʜʝ ά ï ʤʘʩʩʘ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʢʛ; 

ʅʊ ï ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ, ɼʞ/ʢʛ; 

ʈ0 ï ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʇʘ (ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 101 
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ʢʇʘ); 

ὤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʘʩʪʠʷ ʚʟʚʝʰʝʥʥʦʡ ʧʳʣʠ ʚ ʛʦʨʝʥʠʠ; 

ὠ  ï ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʧʦʤʝʱʝʥʠʷ, ʤ
3
; 

” ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0, ʢʛ/ʤ
3
; 

ʉʈ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ɼʞ/ʢʛ*ʂ (ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʦʡ 

1,01*10
3 
ɼʞ/ʢʛ*ʂ); 

ʊ0 ï ʥʘʯʘʣʴʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʂ; 

ʂʥ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʦʤʝʱʝʥʠʷ ʠ 

ʥʝʘʜʠʘʙʘʪʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ (ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 3). 

Ὅ πȢτz ά Ὑz                                             (4) 

ʛʜʝ ά ï ʤʘʩʩʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ; 

Ὑ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʧʠʮʝʥʪʨʘ ʚʟʨʳʚʘ.  

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʟʨʳʚ ʦʜʥʦʛʦ ʢʦʪʣʘ ʧʨʠʚʝʜʝʪ ʢ ʥʝʤʠʥʫʝʤʦʤʫ 

ʚʟʨʳʚʫ ʦʩʪʘʣʴʥʳʭ ʢʦʪʣʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʚʟʨʳʚʫ ʫʛʦʣʴʥʦʡ 

ʧʳʣʠ ʥʘ ʫʛʦʣʴʥʦʤ ʩʢʣʘʜʝ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 2500 ʢʛ ʫʛʦʣʴʥʦʡ 

ʧʳʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʘ 

ʆʙʲʝʢʪ ʚʟʨʳʚʘ ʀʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʢʇʘ 

ʀʤʧʫʣʴʩ ʬʘʟʳ 

ʩʞʘʪʠʷ, ʢʇʘ*ʩ 

ʂʦʪʝʣ ˉ1 276,74 221,55 

ʂʦʪʝʣ ˉ2 276,74 221,55 

ʂʦʪʝʣ ˉ3 241,39 193,11 

ʋʛʦʣʴʥʘʷ ʨʷʜʦʤ 

ʩ ʢʦʪʣʦʤ ˉ1 

39 1,22 

ʋʛʦʣʴʥʘʷ ʧʳʣʴ 

ʨʷʜʦʤ ʩ ʢʦʪʣʦʤ ˉ2 

78 1,94 

ʋʛʦʣʴʥʘʷ ʧʳʣʴ 

ʨʷʜʦʤ ʩ ʢʦʪʣʦʤ ˉ3 

117 2,54 

ʋʛʦʣʴʥʳʡ ʩʢʣʘʜ 11594 23,3 

 

ɺʦʢʨʫʛ ʢʦʪʝʣʴʥʦʡ ʥʘʭʦʜʷʪʩʷ ʞʠʣʳʝ ʟʜʘʥʠʷ. ʉʘʤʳʝ ʙʣʠʞʘʡʰʠʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʤ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʷ ʵʪʠʭ 

ʟʜʘʥʠʡ ʙʫʜʫʪ ʚʳʟʚʘʥʳ ʫʞʝ ʧʨʠ ʚʟʨʳʚʝ ʢʦʪʣʘ ˉ1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʟʨʳʚʘ ʥʘ ʟʜʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʈʘʩʩʪʦʷʥʠ

ʝ ʜʦ ʟʜʘʥʠʡ, ʤ 

ʀʟʙʳʪʦʯʥʦ

ʝ ʜʘʚʣʝʥʠʝ, ʢʇʘ 

ʉʪʝʧʝʥʴ 

ʧʦʚʨʝʞʜʝʥʠʷ 

ʟʜʘʥʠʡ 

ʂʦʣʠʯʝʩ

ʪʚʦ ʟʜʘʥʠʡ, ʰʪ. 

20 36 50%-ʳʝ 

ʨʘʟʨʫʰʝʥʠʷ 

2 

25 25,1 ʉʨʝʜʥʠʝ 

ʨʘʟʨʫʰʝʥʠʷ 

4 

50 9,38 ʋʤʝʨʝʥʥʳʝ 

ʨʘʟʨʫʰʝʥʠʷ 

6 

130 3,01 ʄʘʣʳʝ 

ʨʘʟʨʫʰʝʥʠʷ 

25 

ɸ ʝʩʣʠ ʫʯʝʩʪʴ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʨʳʚʦʚ, ʪʦ ʙʝʟʦʧʘʩʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʚ 180 ʤ. 

ɺʳʚʦʜ: ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʦʛʦ ʚʟʨʳʚʘ ʚ 

ʢʦʪʝʣʴʥʦʡ, ʜʘʞʝ ʦʜʥʦʛʦ ʢʦʪʣʘ, ʟʜʘʥʠʝ ʧʦʣʫʯʘʝʪ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤ ʟʘʧʨʝʪ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʢʦʪʝʣʴʥʳʭ ʚ ʧʦʜʚʘʣʴʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʞʠʣʳʭ ʜʦʤʦʚ. 
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Abstract 

In the article, I assess the possible accidents and their consequences in the 

boiler room No. 15 of the Pervomaisky district of the city of Novosibirsk. The boiler 

room is located in the basement of a residential two-story building. The relevance of 

the study is due to the presence of a large number of fire and explosion hazards at 

this facility, as well as the nearby location of residential buildings. 

On the territory there are several objects that can serve as sources of 

accidents. And the sequence of occurrence of accidents can correspond to the 

domino principle, ie, the failure of one of the sources leads to consequences. 

The emergency scenario is likely to start with a gas explosion in the boiler 

room, resulting in the phenomenon of a fireball, the fire of a diesel spill, the release 

of freon in a refrigeration unit, or their combined action may occur. In this 

connection, calculations have been made to assess the impact. 

 

Key words: coal; explosion; fire; boiler room in a residential building; 

accidents in the boiler room; consequences of the explosion. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʳʜʝʣʝʥʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠʟ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʞʘʨʝ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ 

ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ. ʊʘʢ, ʩʘʥʠʪʘʨʥʳʤʠ ʥʦʨʤʘʤʠ ʠ 

ʧʨʘʚʠʣʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʢʚʘʨʪʠʨʘʭ, ʠʣʠ ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʅʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʠ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʦʞʘʨʝ, ʣʶʙʳʝ, ʜʘʞʝ ʩʘʤʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳʜʝʣʷʶʪ 

ʤʘʩʩʫ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ ʨʘʩʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʦʪʜʝʣʦʯʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʠ ʧʦʞʘʨʝ, ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʚʘʢʫʘʮʠʠ ʠʟ ʘʚʘʨʠʡʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʬʝʥʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ. 

 

ʉʝʛʦʜʥʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦ 

ʨʘʟ ʫʚʝʣʠʯʠʣʦʩʴ, ʯʠʩʣʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ  ʠ ʬʠʨʤ, ʧʦʩʪʘʚʣʷʶʱʠʭ 

ʤʘʪʝʨʠʘʣʳ 

ʠʟʤʝʨʷʝʪʩʷ ʩʦʪʥʷʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʠʪʝʣʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʫʝʪ 

ʵʢʦʥʦʤʠʷ, ʘ ʧʦʩʪʘʚʱʠʢʦʚ ï ʧʨʠʙʳʣʴ. ɹʦʣʝʝ 50% ʚʩʝʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ.  

ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʜʝʣʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ. ʅʦ ʥʫʞʥʦ ʥʝ 

ʟʘʙʳʚʘʪʴ, ʯʪʦ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʦʞʘʨ, ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʙʫʜʝʪ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʠ ʦ ʩʧʘʩʝʥʠʠ 

ʯʝʣʦʚʝʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʨʝʯʠ [1]. 

ʆʮʝʥʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʞʘʨʘ, ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʫʯʝʙʥʦʡ ʘʫʜʠʪʦʨʠʠ 513, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʦ ʚʪʦʨʦʤ 

ʢʦʨʧʫʩʝ ʅɻʊʋ (ʦʙʲʝʤ 156,8 ʤ
3
). ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʪʜʝʣʢʠ ʜʘʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʧʨʠ ʧʦʞʘʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʧʨʠʤʝʨʝ ɼʉʇ ʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ɼʉʇ ʩʦʩʪʦʠʪ ʠʟ 
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ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ, ʠʤʝʶʱʝʡ ʬʦʨʤʫʣʫ (- ʉ6H3(OH) ï CH2 -)n  ʠ 

ʜʨʝʚʝʩʥʦʡ ʩʪʨʫʞʢʠ, ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 1, ʘ ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʠʟ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʣʘ, ʠʤʝʶʱʝʛʦ ʬʦʨʤʫʣʫ (- ʉʅ2 

ï ʉʅʉl -)n. 

ʊʘʙʣʠʮʘ 1 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ 

ɺʝʝɦʩʪʚʦ ʉ ʆ ʅ N 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩʩ.% 49,5 44,2 6,3 0,12 

 

ɼʣʷ ʨʘʩʯʸʪʦʚ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, 

ʪʘʢ ʜʣʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ ʦʥʘ ʠʤʝʝʪ ʚʠʜ:  

2Ŀʉʅ2 ï ʉʅʉl +1,5ĿO2 Ÿ CH2 ï CHCl + 2ĿCO + HCl +H2O 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʜʣʷ ɼʉʇ: 

1) ʌʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ 

2Ŀʉ6H3(OH) ï CH2 + 4,5ĿO2 Ÿ C6H5OH + CH2O + 7ĿCO + 2ĿH2O 

2) ɼʨʝʚʝʩʥʘʷ ʩʪʨʫʞʢʘ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʚʝʩʪʝʥ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʦʩʪʘʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʜʣʷ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ. 

ɸʟʦʪ ʷʚʣʷʝʪʩʷ ʠʥʝʨʪʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʘ ʢʠʩʣʦʨʦʜ ʦʢʠʩʣʠʪʝʣʝʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʠʭ 

ʥʝ ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ [2]. 

8ĿC + 2ĿO2 Ÿ C6H5OH + CH2O + CO + H2O 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʤʘʩʩʘ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʛʦʨʝʥʠʠ 1 ʢʛ ʚʝʱʝʩʪʚʘ, ʜʣʷ ʵʪʦʛʦ ʚ ʫʨʘʚʥʝʥʠʷ 

ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʵʣʝʤʝʥʪʦʚ. 

 ʄʘʩʩʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ: 

m (CH2 ï CHCl) = 62/124 = 0,5 ʢʛ = 500 ʛ 

m (CO) = 56/124 = 0,45 ʢʛ = 450 ʛ 

m (HCl) = 36/124 = 0,3 ʢʛ = 300 ʛ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʛʦʨʘʥʠʠ 1 ʢʛ ɼʉʇ, ʦʪʜʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ: 

m (C6H5OH) = 94/212 = 0,44 ʢʛ = 440 ʛ 

m (CH2O) = 30/212 = 0,14 ʢʛ = 140 ʛ 

m (CO) = 196/212 = 0,92 ʢʛ = 920 ʛ 

ʠ ʜʨʝʚʝʩʥʦʡ ʩʪʨʫʞʢʠ: 

m (C6H5OH) = 94/96 = 0,98 ʢʛ = 980 ʛ 

m (CH2O) = 30/96 = 0,31 ʢʛ = 310 ʛ 

m (CO) = 28/96 = 0,29 ʢʛ = 290 ʛ 

ɺ ʪʘʙʣ. 2 ʠ ʪʘʙʣ. 3, ʫʢʘʟʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ʦʙʨʘʟʦʚʳʚʘʶʱʠʭʩʷ ʩ ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ɼʉʇ ʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ. 
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ʊʘʙʣʠʮʘ 2  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʛʦʨʝʥʠʠ ɼʉʇ 

ʉʪʨʦʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʛ/ʤ
3
 

ʌʝʥʦʣ ʌʦʨʤʘʣʴʜʝʛʠʜ ʋʛʘʨʥʳʡ ʛʘʟ 

ɼʉʇ 9,06 2,96 7,72 

 

ʊʘʙʣʠʮʘ 3 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʛʦʨʝʥʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ 

ʉʪʨʦʠʪʝʣʴʥʳʡ 

ʄʘʪʝʨʠʘʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʛ/ʤ
3
 

ʇɺʍ ʍʣʦʨʦʚʦʜʦʨʦʜ ʋʛʘʨʥʳʡ ʛʘʟ 

ʇʣʘʩʪʠʢʦʚʳʝ 

ʦʢʥʘ 

3,19 1,91 2,87 

 

ʆʙʱʘʷ ʤʘʩʩʘ ʨʘʤ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ ʠ ɼʉʇ ʚ ʧʦʤʝʱʝʥʠʠ ʩʦʩʪʘʚʠʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 300 ʠ 117,3 ʢʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ ʚ ʜʘʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʘʥʥʳʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʘ 4 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ
 

ʉʪʨʦʠʪʝʣ

ʴʥʳʡ 

ʤʘʪʝʨʠʘʣ 

ʇʘʨʘʤʝʪʨʳ ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʛ/ʤ
3
 

ʋʛʘʨʥʳʡ 

ʛʘʟ 

ʌʝʥʦʣ ʌʦʨʤʘʣʴʜʝʛ

ʠʜ 

ʇɺʍ ʍʣʦʨʦʚ

ʦʜʦʨʦʜ 

ɼʉʇ ʇʣʦʱʘʜʴ 

ʣʠʩʪʘ 

ʪʦʣʱʠʥʦʡ 12 

ʤʤ: 13,39 ʤ
2
; 

ʄʘʩʩʘ 117,3 ʢʛ 

- 1062,613  336,397  - 1257,75

6   

ʇʣʘʩʪʠʢʦʚ

ʳʝ ʦʢʥʘ 

ʇʣʦʱʘʜʴ 

ʩʪʝʢʣʦʧʘʢʝʪʘ 

ʪʦʣʱʠʥʦʡ 4 

ʤʤ: 12 ʤ
2
; 

ʄʘʩʩʘ ʚʩʝʭ 

ʨʘʤ: 300 ʢʛ 

861  - - 957  573  

 

ɺ ʪʘʙʣ. 5 ʫʢʘʟʘʥʳ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʠʭ ʧʦʤʝʱʝʥʠʡ [4]. 

ʊʘʙʣʠʮʘ 5 

ʇɼʂ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ʇɼʂ, 

ʤʛ/ʤ
3 

ʇɺʍ ʍʣʦʨʦʚʦʜʦʨʦʜ ʋʛʘʨʥʳʡ 

ʛʘʟ 

ʌʝʥʦʣ ʌʦʨʤʘʣʴʜʝʛʠʜ 

6  23 1160 5 5 

ʉʨʘʚʥʠʚʘʷ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʨʘʩʩʯʠʪʘʥʥʫʶ 
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ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʤʳ ʚʠʜʠʤ ʦ ʤʥʦʛʦʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʚʪʦʨʳʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʉʆ ʠ HCl ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʫʢʘʟʘʥʥʳʡ 

ʚ ɻʆʉʊ 12.1.004-91, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʜʣʷ ʵʚʘʢʫʘʮʠʠ ʠʟ ʘʚʘʨʠʡʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʄʳ ʚʠʜʠʤ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʛʦʨʘʥʠʠ ʜʘʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʚʳʰʝʥʠʝ. 
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Abstract. The article considers the question of allocation of toxic substances 

from construction materials in the fire inside the building. Currently, issues of 

sustainability of materials for construction and decoration given enough attention. 

So, sanitary norms and rules define the types of finishing materials that can be used 

in apartments, or just in the premises. But you must remember that in the event of an 

emergency, e.g. fire, any, even the most environmentally friendly materials emit a 

lot of toxic substances. Therefore, the calculation of concentrations of toxic 

substances resulting from construction and finishing in a fire, it is very important to 

determine the possibility of evacuation from the emergency room. 
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polyvinyl chloride. 
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ʋɼʂ 53.096 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʉʋʃʔʂʆʆɹʈɸɿʆɺɸʅʀʗ ʅɸ ʂʈʓʐɽ ʀ 

ɹʆʈʔɹɸ ʉ ʇʆʄʆʑʔʖ ɻʈɽʖʑɽɻʆ ʂɸɹɽʃʗ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʨʦʙʝʡʥʠʢʦʚ ʉʝʨʛʝʡ ʄʠʨʦʥʦʚʠʯ, ʟʘʚʝʜʫʱʠʡ 

ʢʘʬʝʜʨʦʡ, ʧʨʦʬʝʩʩʦʨ; ɿʘʛʦʨʥʦʚ ɼʤʠʪʨʠʡ ɸʥʜʨʝʝʚʠʯ, ʩʪʫʜʝʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,630073, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ-ʪ ʂ. ʄʘʨʢʩʘ, 20,  ʪʝʣ +7 (383) 346 02 31  

ɿʘʛʦʨʥʦʚ ɼ.ɸ.,email zagornovd@mail.ru 

ʂʦʨʦʙʝʡʥʠʢʦʚ ʉ.ʄ., e-mail korobeynikov@corp.nstu.ru 
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ɸʥʥʦʪʘʮʠʷ 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʚʘʣ ʣʝʜʷʥʳʭ ʥʘʛʨʦʤʦʞʜʝʥʠʡ ʩ ʢʨʦʚʣʠ ʠ 

ʚʦʜʦʦʪʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʫʣʝʢ ʩ ʧʦʤʦʱʴʶ ʦʙʦʛʨʝʚʘ 

ʢʨʘʷ ʢʨʦʚʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 
ʇʨʦʮʝʩʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʫʣʝʢ ʥʘ ʢʨʘʶ ʢʨʦʚʣʠ ʩ 

ʧʦʤʦʱʴʶ ʛʨʝʶʱʝʛʦ ʢʘʙʝʣʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʦʙʣʝʜʝʥʝʥʠʝʤ: ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʛʣʳʙ ʣʴʜʘ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʟʦʣʷʮʠʷ ʢʨʳʰʠ, ʩʝʟʦʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʰʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʦʪʪʘʠʚʘʥʠʷ, ʚʠʙʨʘʮʠʷ 

ʢʨʳʰʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʦʛʨʝʚʘ ʢʨʳʰʠ ʛʨʝʶʱʠʤ ʢʘʙʝʣʝʤ, ʘ 

ʚʝʨʥʝʝ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʉʘʤʦʙʦʛʨʝʚʘʪʝʣʴ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟ 

ʩʝʙʷ ʛʨʝʶʱʠʡ ʢʘʙʝʣʴ, ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʦʤ ʢʦʨʧʫʩʝ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʢʨʘʶ ʢʨʦʚʣʠ. ʂʦʨʧʫʩ ʥʫʞʝʥ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʙʝʣʷ ʠʟ-ʟʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʩʠʣʴʥʳʡ 

ʚʝʪʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʳʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʥʝʤ ʥʘʣʝʜʠ).  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʥʘʛʨʝʚʘʪʝʣʷ: 

1) ɼʦ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʅʘ ʢʘʙʝʣʴ, ʩ ʢʨʘʷ ʢʨʳʰʠ ʧʦʩʪʫʧʠʪ ʚʣʘʛʘ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʳ ʜʦʧʫʩʪʠʤ ʩʣʫʯʘʡ, ʯʪʦ ʚʣʘʛʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʣʘʩʴ 

ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

2) ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ.  ʃʝʜʷʥʦʡ ʤʘʩʩʠʚ ʦʙʨʘʟʦʚʘʣʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʘʙʝʣʝ (ʚ ʧʝʨʠʦʜ ʝʛʦ ʦʪʢʣʶʯʝʥʠʷ), ʠ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʛʨʝʪʴ ʣʝʜ, ʨʘʩʧʣʘʚʠʪʴ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʚʪʦʨʥʦʛʦ ʦʙʣʝʜʝʥʝʥʠʷ. 

ʇʝʨʚʳʡ ʨʝʞʠʤ. ʏʪʦʙʳ ʚʦʜʘ ʥʘ ʢʦʨʧʫʩʝ ʛʨʝʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ 

ʟʘʤʝʨʟʘʣʘ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ: 
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ὗʢʦʥʚʝʢʮʠʠὗʠʩʧʘʨʝʥʠʝὗʧʨʦʚʦʜʘ , (1); 

ʇʦʪʝʨʷ ʪʝʧʣʘ, ʫʪʨʘʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝ ʩ 

ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘ:  

ὗʢʦʥʚʝʢʮʠʠ ‌ʢz ῳὝzὛ ,(2); 

‌ʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ [1]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʝʧʣʦʪʘ, ʫʰʝʜʰʘʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʨʘʚʥʘ: 

ὗʠʩʧʘʨʝʥʠʝ‌ʩz  ά Ὓzz  ῳὬ,(3); 

ά ï ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ [2], ʨʘʚʥʘʷ  

ά
 
ὴz,(4). 

ʇʦʜʩʪʘʚʠʚ ʬʦʨʤʫʣʳ (2), (3) ʚ (1) ʠ ʧʨʦʚʝʜʷ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ 

ʧʦʣʫʯʠʤ ςτ ɺʪ/ʤ, ʠʤʝʥʥʦ ʪʘʢʫʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 
ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʘʙʝʣʴ ʯʪʦʙʳ ʥʝ ʜʘʪʴ ʚʦʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʟʘʤʝʨʟʥʫʪʴ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺʪʦʨʦʡ ʨʝʞʠʤ. ʅʝʦʙʭʦʜʠʤʦ ʟʘ ʚʳʙʨʘʥʥʳʡ ʥʘʤʠ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

(t=3600 ʩʝʢ) ʥʘʛʨʝʪʴ, ʨʘʩʧʣʘʚʠʪʴ ʣʸʜ, ʘ ʪʘʢʞʝ ʥʝ ʜʘʪʴ ʚʦʜʝ, ʦʩʪʘʚʰʝʡʩʷ ʥʘ 

ʛʨʝʶʱʝʤ ʵʣʝʤʝʥʪʝ, ʟʘʤʝʨʟʥʫʪʴ: 

ὗʧʨʦʚʦʜʘὗʥʘʛʨʝʚʘʥʠʷὗʧʣʘʚʣʝʥʠὗ̫  ʧʨʦʚʦʜʘ,(5); 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ,  

ὗʥʘʛʨʝʚʘʥʠʷ
ʣʴʜʘzʣʴʜʘzʩʣʴʜʘ 

 z ʊ 
,(6); 

ɸ ʤʦʱʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘ ʧʣʘʚʣʝʥʠʝ: 

ὗʧʣʘʚʣʝʥʠʷ
 ʣʴʜʘzʣʴʜʘzʣʴʜʘ,(7). 

ʇʦʜʩʪʘʚʠʚ ʬʦʨʤʫʣʳ (6), (7) ʚ ʥʝʨʘʚʝʥʩʪʚʦ (5), ʠ ʧʨʦʚʝʜʷ ʧʦʜʩʪʘʥʦʚʢʫ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʠʤ ʤʦʱʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʚʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ 

ὗ  ʧʨʦʚʦʜʘρρπ ɺʪ/ʤ. 

ɺʳʚʦʜ. ʇʨʦʚʝʜʸʥ ʨʘʩʯʝʪ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʨʝʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʤʝʥʝʝ 30 ɺʪ/ʤ) ʚʣʘʛʘ ʥʝ ʫʩʧʝʝʪ 

ʟʘʤʝʨʟʥʫʪʴ ʠ ʙʫʜʝʪ ʩʪʝʢʘʪʴ ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ 

ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ.  ʊʘʢ ʢʘʢʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʨʞʘʪʴ 

ʢʘʙʝʣʴ ʚʢʣʶʯʝʥʥʳʤ ʧʦʩʪʦʷʥʥʦ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʟʤʝʱʝʥʠʠ 

ʢʘʙʝʣʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʟʜʘʥʠʷ, ʘ ʣʠʰʴ ʚ ʥʘʠʙʦʣʝʝ ʪʨʘʚʤʦʦʧʘʩʥʳʭ 

ʤʝʩʪʘʭ(ʚʭʦʜʳ - ʚʳʭʦʜʳ, ʚʦʜʦʩʪʦʢʠ), ʩʧʦʩʦʙ ʪʘʢʞʝ ʦʩʪʘʸʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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MODELING OF SUCKING ON THE ROOF AND COMBATING USING A 

HEATING CABLE  

 

Annotation 

It is well known that the collapse of ice piles from the roof and drainage is the 

cause of increased injuries. The purpose of this work is to prevent the formation of 

icicles by heating the edge of the roof. 

Currently, there are several methods to deal with undesirable icing: 

mechanical removal of blocks of ice, additional insulation of the roof, seasonal 

placement of heating elements on the roof surface to ensure their thawing, roof 

vibration, ultrasonic treatment. 

The most promising method of heating the roof with a heating cable, or rather a 

device based on it. The heater itself will be a heating cable, located in a metal-

plastic case, attached to the edge of the roof. The body is needed to prevent 

premature damage to the cable due to external factors (strong wind, the possibility 

of breakage due to the formation of ice on it). 

Keywords 

The process of preventing the formation of icicles on the edge of the roof with 

the help of a heating cable 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʱʠʪʦʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ. ʀʟʫʯʝʥʘ ʦʧʘʩʥʦʩʪʴ ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʜʘʨʳ 

ʤʦʣʥʠʡ ʚ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʝ ʫʯʘʩʪʢʠ, 

ʵʪʦ ʫʯʘʩʪʢʠ, ʩ ʛʨʫʥʪʘʤʠ ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʆʧʨʝʜʝʣʠʣʠ 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʫʶ ʯʘʩʪʴ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ï 

ʤʝʞʚʠʪʢʦʚʳʝ ʦʙʤʦʪʢʠ. ʇʨʦʚʝʣʠ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʟʘʱʠʪʳ ʠ 

ʫʙʝʜʠʣʠʩʴ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʣʦʞʠʣʠ ʩʚʦʸ ʫʩʪʨʦʡʩʪʚʦ 

ʥʘ ʦʩʥʦʚʝ ʩʢʠʥ-ʵʬʬʝʢʪʘ. ʇʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, 

ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʆʇʅ. ʇʝʨʝʯʠʩʣʝʥʳ 

ʜʦʩʪʦʠʥʩʪʚʘ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʦʟʦʚʳʝ ʦʪʢʣʶʯʝʥʠʷ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʩʪʘʥʮʠʡ, ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘʱʠʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʦʪ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʢʦʪʦʨʳʭ ʫʜʘʨʳ ʤʦʣʥʠʡ ʚ ʚʦʟʜʫʰʥʳʝ 

ʣʠʥʠʠ (ɺʃ) [1]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʛʨʫʥʪʘʤʠ ʠʤʝʶʱʠʤʠ 

ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: ʨʘʡʦʥʳ ʩ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʥʦʡ, ʨʝʣʠʢʪʦʚʳʤʠ 

ʧʝʩʯʘʥʳʤʠ ʛʨʫʥʪʘʤʠ ʠ ʩʢʘʣʠʩʪʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʠ ʪ.ʜ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ɺʃ 

ʥʝʛʨʦʟʦʫʧʦʨʥʳ ʠ, ʜʘʞʝ ʩ ʫʯʸʪʦʤ ʢʦʨʦʪʢʦʛʦ ʛʨʦʟʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʠʤʝʶʪ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʛʨʦʟʦʚʳʭ ʦʪʢʣʶʯʝʥʠʡ ʥʘ 100 ʢʤ ʚ ʛʦʜ [2]. 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ, ɺʃ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʦʜʚʝʨʞʝʥʳ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʫʜʘʨʦʚ ʤʦʣʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʜʘʨʘ, ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʨʠ ʬʦʨʤʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ: 

ʧʦʣʥʘʷ, ʩʨʝʟʘʥʥʘʷ, ʢʦʨʦʪʢʘʷ ʚʦʣʥʘ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʦʨʦʪʢʠʝ ʠ ʩʨʝʟʘʥʥʳʝ ʚʦʣʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʫʜʘʨʘʭ ʚ ʦʧʦʨʫ ʠʣʠ ʪʨʦʩ 

ʛʨʦʟʦʟʘʱʠʪʳ. ʕʪʠ ʫʜʘʨʳ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʭʦʜʦʤ 

ʧʦʜʩʪʘʥʮʠʠ ʠ ʠʤʝʥʥʦ ʦʥʠ ʧʨʠʚʦʜʷʪ, ʥʘʧʨʠʤʝʨ, ʢ ʤʝʞʚʠʪʢʦʚʳʤ ʟʘʤʳʢʘʥʠʝʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʇʨʠʯʠʥʘ ʠʭ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʚʳʩʦʢʦʡ 

ʢʨʫʪʠʟʥʝ, ʪʘʢ ʢʘʢ ʠʤʧʫʣʴʩ ʥʝ ʫʩʧʝʚʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʤʝʞʜʫ ʚʩʝʤʠ ʚʠʪʢʘʤʠ 

ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʚʠʪʢʘʤʠ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʛʨʘʜʠʝʥʪʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɸʆ 

çʊʶʤʝʥʴʵʥʝʨʛʦè, ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ 
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ʩʪʨʦʷ ʥʘ 80% ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ɺʃ, ʦʪ ʜʝʡʩʪʚʠʷ ʛʨʦʟʦʚʳʭ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ. 

ɹʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʠʭ 

ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʠ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʦʪ ʧʨʷʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʡ ʚ ɺʃ, 

ʷʚʣʷʝʪʩʷ ʤʦʣʥʠʝʦʪʚʦʜʳ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʘʜʸʞʥʦʛʦ ʟʘʟʝʤʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʧʨʦʚʦʜʘ çʧʨʦʨʳʚʘ ʤʦʣʥʠʠ ʤʠʤʦ ʪʨʦʩʦʚʦʡ ʟʘʱʠʪʳè. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʚʳʟʚʘʥʥʳʭ ʫʜʘʨʘʤʠ ʤʦʣʥʠʡ ʚ ɺʆ, ʷʚʣʷʶʪʩʷ ʠʩʢʨʦʚʳʝ 

ʧʨʦʤʝʞʫʪʢʠ (ʀʇ). ʆʜʥʘʢʦ, ʀʇ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ: ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ ʠʭ 

ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; ʩʠʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʷʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʀʇ ʧʨʠ 

ʢʨʫʪʳʭ ʬʨʦʥʪʘʭ ʚʦʣʥ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ; ʧʨʠ ʣʶʙʦʤ ʩʨʘʙʘʪʳʚʘʥʠʠ ʀʇ 

ʦʙʨʘʟʫʶʪʩʷ ʜʫʛʠ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʥʝ ʛʘʩʥʫʱʠʝ ʚ ʩʝʪʷʭ 110 ʢɺ ʠ 

ʚʳʰʝ; ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʀʇ ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʠʡ ʩʨʝʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʟʘʱʠʱʘʝʤʦʡ ʠʟʦʣʷʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʘʩʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠ ʜʨʫʛʠʭ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʀʇ ʧʨʠʤʝʥʷʶʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ 

ʛʘʰʝʥʠʝ ʜʫʛʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʪʨʫʙʯʘʪʳʭ ʨʘʟʨʷʜʥʠʢʘʭ. ʀʭ ʤʠʥʫʩʘʤʠ ʷʚʣʷʶʪʩʷ: ʥʘʣʠʯʠʝ ʟʦʥʳ ʚʳʭʣʦʧʘ ʠ ʰʫʤ 

ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ, ʢʨʫʪʦʡ ʩʨʝʟ ʚʦʣʥʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʳʢʘʥʠʷ ʣʠʥʠʡ ʥʘ ʟʝʤʣʶ, ʢʨʫʪʘʷ ʚʦʣʴʪ-ʩʝʢʫʥʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʊʘʢ ʞʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʨʘʟʨʷʜʥʠʢʦʚ ʥʝʣʴʟʷ ʩʥʠʞʘʪʴ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ 

ʚʳʟʳʚʘʝʪ ʩʣʠʰʢʦʤ ʯʘʩʪʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʘʟʨʷʜʥʠʢʦʚ ʠ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ.  

ɼʦʣʛʦʝ ʚʨʝʤʷ, ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʷʚʣʷʣʩʷ ʚʝʥʪʠʣʴʥʳʡ 

ʨʘʟʨʷʜʥʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʀʇ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ʅʦ ʚʝʥʪʠʣʴʥʳʝ ʨʘʟʨʷʜʥʠʢʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʨʝʟʠʩʪʦʨʦʚ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʨʝʟʠʩʪʦʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʬʘʟʥʦʤʫ ʧʨʦʚʦʜʫ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʘʢ ʢʘʢ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʘʧʧʘʨʘʪʘ ʠʟ-ʟʘ 

ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʨʠ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ. ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʚʝʥʪʠʣʴʥʳʤ ʨʘʟʨʷʜʥʠʢʦʤ ʚʢʣʶʯʘʶʪ ʀʇ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʥʠʞʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩʚʷʟʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ 

ʷʚʣʷʝʪʩʷ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʚʳʙʦʨʝ ʙʦʣʴʰʦʡ ʸʤʢʦʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʟʘ ʩʯʸʪ ʩʪʘʨʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʟʘʛʨʘʜʠʪʝʣʝʡ, ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʝʣʝʥʠʷ ʰʠʥ. 
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ʅʘʧʨʷʞʝʥʠʝ ʚʦʣʥʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʨʝʘʢʪʦʨʦʤ, 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʵʣʝʤʝʥʪʘ ʥʘʩʪʨʦʡʢʠ ʠ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʰʠʥ ʇʉ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩʠʣʦʚʦʡ ʢʘʪʫʰʢʝ ʜʦʣʞʝʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʣʝʤʝʥʪ ʟʘʱʠʪʳ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʤʝʥʪʘʭ ʟʘʛʨʘʜʠʪʝʣʷ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʜʣʷ 

ʥʠʭ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʚʳʙʦʨʘ ʟʘʛʨʘʜʠʪʝʣʷ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ 

ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʥʘʧʨʷʞʝʥʠʝ ɺʃ, 

ʛʘʙʘʨʠʪʳ ɺʃ ʠ ʪʨʝʙʫʝʤʘʷ ʧʦʣʦʩʘ ʟʘʛʨʘʞʜʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ɺʃ 

ʷʚʣʷʝʪʩʷ ʆʇʅ. ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʩʝʪʷʭ 110 ʢɺ ʠ ʚʳʰʝ [3]. ʆʜʥʘʢʦ ʆʇʅ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ: ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʦʚ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ʯʘʩʪʦʪʦʡ 50 ɻʮ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ ʚʘʨʠʩʪʦʨʘ ʠ ʚʳʭʦʜ ʆʇʅ ʠʟ ʩʪʨʦʷ. ʊʘʢʞʝ ʚʘʞʥʦ, 

ʯʪʦ ʆʇʅ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʨʫʪʠʟʥʫ ʬʨʦʥʪʘ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʛʨʦʟʦʚʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʦʥʠ ʫʤʝʥʴʰʘʶʪ ʣʠʰʴ ʘʤʧʣʠʪʫʜʫ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ.  

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʠʥʥʦʠʩʢʨʦʚʳʝ ʨʘʟʨʷʜʥʠʢʠ ʜʣʷ 

ʟʘʱʠʪʳ ɺʃ ʦʪ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ. ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʞʜʫʶ ʦʧʦʨʫ ʠ ʟʘ 

ʩʯʸʪ ʵʬʬʝʢʪʘ ʩʢʦʣʴʟʷʱʝʛʦ ʟʘʨʷʜʘ ï ʠʤʧʫʣʴʩ ʧʨʦʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʪʣʠ ʦʪ ʪʨʫʙʢʠ ʜʦ ʟʘʞʠʤʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 6-10 ʢɺ.  

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʦʨʦʰʝʛʦ 

ʟʘʟʝʤʣʝʥʠʷ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

(ʥʘʧʨʷʞʝʥʠʷ); ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʢʨʫʪʠʟʥʫ ʬʨʦʥʪʘ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ; ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ ʚ ʫʩʪʘʥʦʚʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʢʦʥʪʨʦʣʝ; ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ ʣʠʙʦ 

ʫʤʝʥʴʰʘʶʪ ʘʤʧʣʠʪʫʜʫ, ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʘ ʚʦʪ 

ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʏɿʋ), ʨʘʙʦʪʘʶʱʝʝ ʥʘ ʧʨʠʥʮʠʧʝ ʩʢʠʥ-

ʵʬʬʝʢʪʘ, ʜʝʡʩʪʚʫʝʪ ʩʨʘʟʫ ʠ ʥʘ ʘʤʧʣʠʪʫʜʫ, ʠ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠ ʥʝ 

ʠʤʝʝʪ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʥʝʜʦʩʪʘʪʢʦʚ [4]. 

ɺʢʣʶʯʝʥʠʝ ʏɿʋ ʚ ʩʠʩʪʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʟʘʱʠʱʘʝʤʳʤ 

ʦʙʲʝʢʪʦʤ. ʅʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʚ 50 ɻʮ, ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ, ʪʘʢ ʯʪʦ ʧʦʪʝʨʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʇʨʠ ʧʨʦʭʦʜʝ ʠʤʧʫʣʴʩʘ ʛʨʦʟʦʚʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʠʤʝʶʱʝʛʦ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ  200 - 300 ʢɻʮ, ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 150 - 

200 ʆʤ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʏɿʋ ʚ ʚʠʜʝ 

ʩʧʠʨʘʣʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʫʚʝʣʠʯʠʚʘʶʱʝʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʫʤʝʥʴʰʘʷ 

ʪʝʤ ʩʘʤʳʤ ʦʧʘʩʥʦʩʪʴ ʤʝʞʚʠʪʢʦʚʳʭ ʟʘʤʳʢʘʥʠʡ ʚ ʟʘʱʠʱʘʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʏɿʋ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ [5]. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʏɿʋ, ʢʦʪʦʨʳʤʠ 

ʷʚʣʷʶʪʩʷ: 
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- ʚʳʩʦʢʦʝ ʘʢʪʠʚʥʦʝ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʤʧʬʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʢʨʫʪʠʟʥʫ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

- ʏɿʋ ʥʝ ʪʨʝʙʫʝʪ ʟʘʟʝʤʣʝʥʠʷ; 

- ʢʦʥʩʪʨʫʢʮʠʷ ʏɿʋ, ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʧʦʜʩʪʘʥʮʠʠ ʣʶʙʦʡ ʤʦʱʥʦʩʪʠ; 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʜʦ 30 ʣʝʪ; 

- ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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Abstract. In article, we considered the main questions the inventories of 

substations, bound to protection. It is studied danger, which is constituted by blows 

of lightnings in airlines. Found out that the most problem sites, it is sites, with the 

soils having high resistivity. Defined the most subject part to failure in transformers 

ï interturn windings. Carried out the analysis of widespread protection and were 

convinced of its poor effectiveness. Offered the device based on skinn-effect. 

Carried out tests and test data, showed more high performance in comparison with 

OPN. Advantages of the frequency-dependent device in comparison with the used 

means of protection applied on airlines are listed. 
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ɸʥʥʦʪʘʮʠʷ 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʣʠʪʦʩʬʝʨʳ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ, ʧʦʵʪʦʤʫ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʩʫʜʠʪʴ ʧʦ ʦʪʚʝʪʥʳʤ ʨʝʘʢʮʠʷʤ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʪʝʩʪ-ʦʙʲʝʢʪʘʤʠ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʝʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʝʪʚʠʩʪʦʫʩʳʭ 

ʨʘʯʢʦʚ Daphnia magna Straus, ʢʦʪʦʨʳʝ ʚʳʙʨʘʥʳ ʚ ʩʣʝʜʩʪʚʠʠ ʪʦʛʦ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʪʦʢʩʠʢʘʥʪʘʤ ʦʨʛʘʥʠʟʤʘʤʠ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʛʠʜʨʦʙʠʦʪʫ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʚʝʱʝʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʩʨʝʜʳ, ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ, ʪʦʢʩʠʯʥʦʩʪʴ ʚʦʜʳ, 

ʪʝʩʪ-ʦʨʛʘʥʠʟʤ, Daphnia magna. 

 

ɺʚʝʜʝʥʠʝ 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʪʝʧʝʥʠ 

ʜʝʛʨʘʜʘʮʠʠ ʵʢʦʩʠʩʪʝʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʙʠʦʮʝʥʦʟʦʚ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʦʙʱʝʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʩ ʫʯʝʪʦʤ 

ʨʝʘʢʮʠʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ ʩʢʘʟʘʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ 

ʵʢʦʩʠʩʪʝʤʳ, ʝʝ ʙʠʦʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʪʘʢ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʳʚʘʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʠʤʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [1]. 
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ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ï ʤʝʪʦʜ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʇʦʜ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝʤ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʜʫʨʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ 

ʧʨʦʙ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʨʠʟʥʘʢʦʚ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʭ ʦʙ ʦʧʘʩʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʦʛʦ, ʢʘʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʚ ʢʘʢʦʤ ʩʦʯʝʪʘʥʠʠ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʫ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ. ʂʘʯʝʩʪʚʦ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʤʝʱʸʥʥʳʭ ʚ ʪʝʩʪʠʨʫʝʤʫʶ ʩʨʝʜʫ ʫʞʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ [3].  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʫʩʣʦʚʠʡ ʧʦʜʘʯʠ ʥʘ ʩʦʦʨʫʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʙʨʦʩʘ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

ʄʝʪʦʜ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʤʥʦʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʯʠʩʪʢʦʡ, ʫʪʠʣʠʟʘʮʠʝʡ ʠ ʩʙʨʦʩʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʢʦʚ [2]. 

ʂʨʠʪʝʨʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ ʩʨʝʜʳ ʩʣʫʞʠʪ ʧʦʜʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʞʠʟʥʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʦʚ: ʛʠʙʝʣʴ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʠ ʨʘʟʤʥʦʞʝʥʠʷ, 

ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʢʠ, ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʠ ʪ.ʧ.  

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʤʝʪʦʜʘʤʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ, ʩʦʯʝʪʘʥʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ, 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ 

ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʩʪʨʘʷ ʠʣʠ 

ʭʨʦʥʠʯʝʩʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʘʭ Daphnia magna. ʈʘʯʦʢ Daphnia 

magna ʩʣʫʞʠʪ ʥʝ ʪʦʣʴʢʦ "ʜʘʪʯʠʢʦʤ", ʧʦʟʚʦʣʷʶʱʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʥʦ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʤ 

ʵʪʘʣʦʥʦʤ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠ ʙʠʦʩʠʩʪʝʤ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʣʷ ʮʝʣʝʡ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʞʠʜʢʠʭ ʩʨʝʜ [2]. 

ʈʝʟʫʣʴʪʘʪʳ 
ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ: ʨ. ʆʙʴ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

(ʚʩʝ ʩʪʚʦʨʳ, ʢʨʦʤʝ ʩʪʚʦʨʘ ʧ. ʗʛʦʜʥʦʝ); ʈʝʢʠ ʀʥʷ, ʂʘʤʝʥʢʘ, ʇʣʶʱʠʭʘ, 

ʂʘʤʳʰʝʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 1-2-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ (ʫʩʣʦʚʥʦ ʯʠʩʪʘʷ-ʩʣʘʙʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷ). ʈʝʢʠ ï ʅʠʞʥʷʷ ɽʣʴʮʦʚʢʘ, ɽʣʴʮʦʚʢʘ-1, ɽʣʴʮʦʚʢʘ-2 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 2-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ (ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ).  

ʅʠ ʚ ʦʜʥʦʡ ʠʟ ʧʨʦʙ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ (ʋʂʀɿɺ) ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦ ʢʘʯʝʩʪʚʫ ʚʦʜ, ʘ ʠʤʝʥʥʦ ʧʦ ʋʂʀɿɺ ʚʦʜʘ ʦʢʘʟʘʣʘʩʴ 

ʥʘʤʥʦʛʦ ʛʨʷʟʥʝʝ, ʯʝʤ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ.  
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ɺʳʚʦʜ r

ʊʦʢʩʠʯʥʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʬʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʥʝ ʚʩʝʛʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʥʘʦʙʦʨʦʪ. ɽʝ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ 

ʭʠʤʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʪ. ʝ. ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʘʬʥʠʡ.  

ʅʘʧʨʠʤʝʨ, ʨʘʯʦʢ ʜʘʬʥʠʠ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʨʛʘʥʮʘ ʚ ʚʦʜʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʳʰʝʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʘʨʛʘʥʝʮ ʥʝ 

ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʩʨʝʜʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʵʪʦʪ ʬʘʢʪʦʨ. ɸ ʪʘʢ ʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʠʟʤʝʥʝʥʠʠ 

ʙʠʦʮʝʥʦʟʦʚ ʩʣʝʜʫʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʢʦʣʝʥʠʡ ʨʘʯʢʦʚ. 
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Abstract 

The pollution of the atmosphere, hydrosphere, lithosphere grows every year, 

so it is increasingly important to regulate the quality of the natural environment. It is 

necessary to consider not only the presence of harmful substances, but to judge by 

the reaction of living organisms, which are test objects. The article is devoted to the 

evaluation of the toxicity of surface waters in the city of Novosibirsk with biotesting 

method, namely the use of biotests based on the cladocerans Daphnia magna Straus, 

selected due to the fact that they are the most sensitive to toxicants organisms. 

Keywords: the quality of the environment, biotesting, toxicity water, test 

organisms, Daphnia magna. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʨʳʚʘ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ʥʘ 

ʦʙʲʝʢʪʝ çɸʢʚʘʤʠʨè. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʳʭ ʠ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ 

ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ, ʘ ʪʘʢʞʝ ʙʣʠʟʣʝʞʘʱʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʞʠʣʳʭ ʜʦʤʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟ; ʚʟʨʳʚ; ʧʦʞʘʨ; ʦʧʘʩʥʳʝ ʬʘʢʪʦʨʳ ʧʦʞʘʨʘ (ɸʍʆɺ, 

ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʦʚʨʝʞʜʝʥʠʝ ʟʜʘʥʠʡ). 

 

ʆʙʲʝʢʪʦʤ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʛʦʩʪʠʥʠʮʝʡ ʠ ʘʢʚʘʧʘʨʢʦʤ çɸʢʚʘʤʠʨè, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦ ʘʜʨʝʩʫ: 

ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ.ʗʨʠʥʩʢʘʷ  8. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʘʤʠ ʘʚʘʨʠʡ. ʇʨʠʯʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ 

ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ çʧʨʠʥʮʠʧʫ ʜʦʤʠʥʦè, ʪ.ʝ. ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʮʝʧʠ ʧʦʚʨʝʞʜʝʥʠʡ.  

ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʩʧʦʣʦʞʝʥʘ ʥʝ ʪʦʣʴʢʦ ʛʘʟʦʚʘʷ ʢʦʪʝʣʴʥʘʷ, ʩ ʦʙʱʝʡ 

ʤʘʩʩʦʡ ʛʦʨʶʯʝʛʦ ʛʘʟʘ 50.3 ʢʠʣʦʛʨʘʤʤ, ʥʦ ʠ ʚ 20 ʤʝʪʨʘʭ ʦʪ ʥʝʝ ʥʘʭʦʜʠʪʩʷ  

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ, ʦʙʲʝʤʦʤ 50 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʦʙʚʘʣʦʚʢʝ, ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  ʊʘʢʞʝ, ʚ ʧʦʜʚʘʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ, 

ʩʫʱʝʩʪʚʫʝʪ ʭʦʣʦʜʦʮʝʥʪʨ, ʛʜʝ ʨʘʟʤʝʱʝʥ ʩʧʝʮʢʦʥʪʝʡʥʝʨ ʩ ʬʨʝʦʥʦʤ, ʤʘʩʩʦʡ 900 

ʢʠʣʦʛʨʘʤʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʩʪʘʚʠʪʴ ʜʨʝʚʦ ʩʦʙʳʪʠʡ (ʨʠʩ. 1). 

ʈʘʩʩʤʦʪʨʝʚ ʜʨʝʚʦ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʮʝʥʘʨʠʡ 

ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡ ʥʘʯʥʝʪʩʷ ʩ ʚʟʨʳʚʘ ʛʘʟʘ ʚ ʢʦʪʝʣʴʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʷʚʣʝʥʠʝ ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ, ʧʦʞʘʨ ʧʨʦʣʠʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʚʳʙʨʦʩ ʬʨʝʦʥʘ ʠʣʠ ʞʝ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ɻʆʉʊ 12.3.047-2012 [1] ʠ 

ʩʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ [2]. 
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ʈʠʩ.1. ɼʨʝʚʦ ʩʦʙʳʪʠʡ 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʬʦʨʤʫʣʳ: 

Á ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʝʤʦʝ ʧʨʠ  ʩʛʦʨʘʥʠʠ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ 
ʚ ʧʦʤʝʱʝʥʠʠ, ʢʇʘ 

Ўὖ ὖ ὖ
ά ᾀzz ρππzρ

ὠʩʚzὴʛʧzὅʩʪz ὑʥ
Ƞ    (1) 

 

Á ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢɺʪ/ʤ2
 

 

ή Ὁ Ὂz †zȠ   (2) 

 

Á ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ, ʩ 

ὸ πȟψυςzά ȟ Ƞ   (3) 

 

Á ʛʣʫʙʠʥʘ ʧʝʨʝʥʦʩʘ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʟʘʨʘʞʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʤ 

ɻʧ ʊʧʨʦʛzὠȠ   (4) 

 

Á ʧʣʦʱʘʜʴ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʦʙʣʘʢʦʤ ɸʍʆɺ, ʢʤ2
 

Ὓʚ
“z ɻ •z

σφπ
Ƞ   (5) 

 

Á ʧʣʦʱʘʜʴ ʟʦʥʳ ʬʘʢʪʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ ʦʙʣʘʢʦʤ ɸʍʆɺ, ʢʤ2
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Ὓʬ ʂɻʊʬ
ȟ

  (6) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-3. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʧʨʠ ʩʛʦʨʘʥʠʠ 

ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ ʚ ʧʦʤʝʱʝʥʠʠ 

ɻʘʟʦʧʨʦʚʦʜ 

ʄʘʩʩʘ ʛʘʟʘ 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ 

ʧʦʤʝʱʝʥʠʝ ʧʨʠ 

ʨʘʩʯʝʪʥʦʡ ʘʚʘʨʠʠ, ʢʛ 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʢʇʘ 

ɺʥʫʪʨʝʥʥʠʡ 27,5 51,1 

ʇʨʦʜʫʚʦʯʥʳʡ 22,8 42,36 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ  

ʆʛʥʝʥʥʳʡ ʰʘʨ 

ɻʘʟʦʧʨʦʚʦʜ r, ʤ ὸ, ʩ q, ʢɺʪ/ʤ
2
 

ɺʥʫʪʨʝʥʥʠʡ 

150/111 

2,02 1,26/2,21 

ʇʨʦʜʫʚʦʯʥʳʡ 1,92 1,10/1,89 

ɺʥʫʪʨʝʥʥʠʡ ʠ ʧʨʦʜʫʚʦʯʥʳʡ 2,36 1,89/3,15 

ʇʦʞʘʨ ʧʨʦʣʠʚʘ 

r, ʤ q, ʢɺʪ/ʤ
2
 

20/70 6,86/0,5 

 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʘʚʘʨʠʠ 

ɻʧ, ʢʤ Ὓʚ, ʢʤ
2 Ὓʬ, ʢʤ

2
 

16 3,53
 

0,52 

 

ɺʳʚʦʜ 

ɺʟʨʳʚ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʞʘʨʫ ʧʨʦʣʠʚʘ ʠ ʧʦʞʘʨʫ ʪʠʧʘ 

çʦʛʥʝʥʥʳʡ ʰʘʨè ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʩ ʘʚʘʨʠʡʥʳʤ ʜʠʟʝʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ. ɼʘʣʝʝ ʧʦʩʣʝʜʫʝʪ ʨʘʟʨʫʰʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ ʩʪʘʥʮʠʠ ʩ ʚʳʙʨʦʩʦʤ ʚ 

ʘʪʤʦʩʬʝʨʫ 900 ʢʠʣʦʛʨʘʤʤ ʬʨʝʦʥʘ. ʇʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ ʚʣʝʢʫʪ ʢ ʦʞʦʛʘʤ 

ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 150 ʤʝʪʨʦʚ ʦʪ ʢʦʪʝʣʴʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʟʘʨʘʞʝʥʠʷʤ ʪʝʨʨʠʪʦʨʠʡ. ʊʘʢ ʢʘʢ ʩ ʶʛʘ ʠ ʶʛʦ-ʟʘʧʘʜʘ ʫʯʘʩʪʦʢ 

ʛʨʘʥʠʯʠʪ ʩ ʤʘʣʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʦʡ ʫʩʘʜʝʙʥʦʛʦ ʪʠʧʘ, ʪʦ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝ ɸʍʆɺ ʧʦʧʘʜʝʪ ʧʨʠʤʝʨʥʦ ʦʢʦʣʦ 100 ʜʦʤʦʚ. 
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FORECASTING THE CONSEQUENCES OF THE EXPLOSION OF 

THE GAS BOILER ON THE OBJECT "AKVAMIR"  
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e-mail: kamchatka1234@rambler.ru  

Novosibirsk State Technical University, 20 Prospect K. Marksa, 
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Abstract 

The article examines the consequences of the explosion of a gas boiler house 

at the "Aquamir" facility. The relevance of the study is due to the presence of a 

large number of fire and explosive and toxic substances at this facility, as well as 

the nearby location of residential buildings. 

There are several facilities on the territory that can serve as sources of 

accidents. And the sequence of occurrence of accidents can correspond to the 

"domino principle", i.e. Failure of one of the sources leads to a subsequent chain of 

damage. 

The scenario of the development of accidents is most likely to start with an 

explosion of gas in the boiler room, as a result of which a phenomenon of a 

fireball, a fire of a diesel fuel spill, the release of freon in a refrigeration station, or 

their combined action may occur. In this regard, to assess the impact, calculations 

were made. 

Keywords: gas; explosion; fire; dangerous factors of fire (poisoning 

substances, thermal radiation, damage to buildings). 
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ʋʃʋʏʐɽʅʀɽ ʄʀʂʈʆʂʃʀʄɸʊʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ ʅɸ ʈɽʏʅʓʍ 

ʉʋɼɸʍ, ʕʂʉʇʃʋɸʊʀʈʋɽʄʓʍ ɺ ʉɽɺɽʈʅʓʍ ʐʀʈʆʊɸʍ 

 

ʇʠʯʫʨʠʥ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,ʜʦʮʝʥʪ, ʜʝʢʘʥ 

ʬʘʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʇʠʯʫʨʠʥʘ 

ʀʥʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ɻʫʙʠʥ ɽʚʛʝʥʠʡ ʉʝʨʛʝʝʚʠʯ, 

ʤʘʛʠʩʪʨʘʥʪ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʉɻʋɺʊ), 

630099 ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʑʝʪʠʥʢʠʥʘ, 33 

ʇʠʯʫʨʠʥ ɸ.ʄ., e-mail  pichurinam64@mail.ru 

ʇʠʯʫʨʠʥʘ ʀ.ɸ., e-mail asjabina@mail.ru  

ɻʫʙʠʥ ɽ.ʉ., dubgub@mail.ru  

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʇʠʯʫʨʠʥ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ, ʉʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 630099, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʑʝʪʠʥʢʠʥʘ, 33, ʪʝʣ. 8-913- 47-88-244 

 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʩʫʜʘʭ ʨʝʯʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʨʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʵʪʫ 

ʵʥʝʨʛʠʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʞʠʣʳʭ 

ʠ ʩʣʫʞʝʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩʫʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. 

ʇʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʪʚʦʜ 

ʪʝʧʣʦʪʳ ʦʪ ʧʦʤʝʱʝʥʠʡ ʟʘ ʩʯʝʪ ʫʪʠʣʠʟʘʮʠʠ ʪʝʨʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʫʜʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ; ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ; 

ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʧʦʛʣʦʪʠʪʝʣʠ ʚʣʘʛʠ; ʘʜʩʦʨʙʝʨ; ʢʦʤʬʦʨʪʥʳʡ ʚʦʟʜʫʭ. 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʚʷʟʘʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʪʝʧʣʦʚʳʤʠ ʧʦʪʝʨʷʤʠ. ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ ʩ 

ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʉʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʦʩʦʙʝʥʥʦ ʨʝʯʥʦʛʦ, ʩʚʷʟʘʥʘ ʩ ʣʝʪʥʠʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ, 

ʢʦʛʜʘ ʥʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʝʧʣʦʪʳ. ʇʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ 

ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʦʡ ʝʛʦ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʰʠʨʦʪʘʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʧʨʠʪʦʢʦʚ 

ʈʘʩʩʯʠʪʘʪʴ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʩʫʜʦʚʳʝ 

ʧʦʤʝʱʝʥʠʷ ï ʩʚʝʨʭʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ ʦʙʦʙʱʝʥʠʶ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ ʪʝʧʣʦʪʳ ʚ 

ʧʦʤʝʱʝʥʠʷ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʚʷʟʘʥʘ ʩ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ ʯʝʨʝʟ 

ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

ʌ = ʢ Ö Dt Ö A                                           (1) 
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ʛʜʝ: ʌ ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ , ɺʪ; 

ʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ɺʪ/ʤ
2
ʂ; 

æt ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʚʦʟʜʫʭʦʤ ʚ 

ʧʦʤʝʱʝʥʠʠ, ʂ; 

ɸ ï ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʝʥʠʡ, ʤ
2
. 

ʉʣʦʞʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ). 

ɼʣʷ ʧʣʦʩʢʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʩʪʝʥʢʠ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ: 

k=1/[1/ Ŭ1,+ ŭ1/ ɚ1+ ŭ2/ ɚ2 + ŭ3/ ɚ3+1/ Ŭ2]               (2) 

 

ʛʜʝ: Ŭ1, Ŭ2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʢ 

ʩʪʝʥʢʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʩʪʝʥʢʠ ʢ ʧʦʤʝʱʝʥʠʶ, ɺʪ/ʤ
2
ʂ; 

ɚ1, ɚ2, ɚ3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ɺʪ/ʤʂ; 

ŭ1, ŭ2, ŭ3 ï ʪʦʣʱʠʥʳ ʩʣʦʝʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʝʥʢʠ. 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

(ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚ, ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʢ 

ʚʠʜʫ: 

k=  ɚ1/ ŭ1                                               (3) 

 

ʛʜʝ: ŭ1 ʠ ɚ1 ï ʪʦʣʱʠʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʊʦʛʜʘ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʧʨʝʜʝʣʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʦ ʬʦʨʤʫʣʝ: 

ʌ = [ɚ1/ ŭ1]Ö Dt Ö A                                           (4) 

ʉʭʝʤʘ ʠ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʫʜʝʪ 

ʩʦʟʜʘʚʘʪʴ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʦʤʝʱʝʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʩʢʦʤʬʦʨʪ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʩʦʩʪʘʚ ʵʪʦʡ ʩʭʝʤʳ ʚʭʦʜʷʪ: ʚʝʥʪʠʣʷʪʦʨ (ɺ), 

ʚʦʜʦʚʦʟʜʫʰʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ (ɺʆ1, ɺʆ2), ʝʤʢʦʩʪʠ ʩ ʘʜʩʦʨʙʝʥʪʦʤ (ʪʚʝʨʜʳʤ 

ʧʦʛʣʦʪʠʪʝʣʝʤ ʚʣʘʛʠ) ʠ ʫʚʣʘʞʥʠʪʝʣʴ (ʋ). 

 
 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʉ1-N ï ʦʩʫʰʝʥʠʝ ʚ ʘʜʩʦʨʙʝʨʝ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ʚʳʰʝ ï ʚʦʟʤʦʞʥʳʡ ʧʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʧʨʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ); ɹ-ɼ ï ʫʚʣʘʞʥʝʥʠʝ ʩ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; ɼ-ʇ ï 

ʧʦʜʘʯʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝ, ʇ ï ʂ  - ʥʘʛʨʝʚ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʂ ï ʆ ï ʅ ï ʩʤʝʰʠʚʘʥʠʝ ʥʘʨʫʞʥʦʛʦ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʆ ï 

ʆ1 ï ʥʘʛʨʝʚ ʚʦʟʜʫʭʘ ʚ ʚʝʥʪʠʣʷʪʦʨʝ, ʆ ï ʉ1 ï ʦʭʣʘʞʜʝʥʠʝ ʚ ʚʦʟʜʫʰʥʦ ï 

ʚʦʜʷʥʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ h-d (ʵʥʪʘʣʴʧʠʷ-ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ, ʨʠʩʫʥʦʢ 2) 

ʧʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʜʦʚʝʜʝʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʫʩʣʦʚʠʡ ʢʦʤʬʦʨʪʥʦʩʪʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʛʣʫʙʦʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʩʦʨʙʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ ʠ 

ʫʚʣʘʞʥʝʥʠʝʤ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʫʚʣʘʞʥʷʶʱʝʡ ʚʦʜʳ 

ʪʨʘʪʠʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʠ ʵʪʘ ʵʥʝʨʛʠʷ ʦʪʙʠʨʘʝʪʩʷ ʦʪ ʚʦʟʜʫʭʘ, 

ʢʦʪʦʨʳʡ ʫʚʣʘʞʥʷʝʪʩʷ. 

ʋʪʠʣʠʟʘʮʠʷ ʪʝʧʣʦʪʳ 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʜʩʦʨʙʝʥʪʦʚ ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, 

ʧʦʣʫʯʝʥʥʦʝ ʦʪ ʚʦʟʜʫʭʘ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,5 ʦʪ ʤʘʩʩʳ ʘʜʩʦʨʙʝʥʪʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʣʘʛʦʧʦʛʣʦʪʠʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʥʦʚʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʚʣʘʛʠ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦʦʯʝʨʝʜʥʦ. ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʚʣʘʛʦʡ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʣʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʨʘʙʦʪʳ ʠ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ (ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʫʜʘʣʝʥʠʝʤ 

ʚʣʘʛʠ). ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʯʝʨʝʟ ʜʘʥʥʳʡ ʙʣʦʢ ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭ, ʥʘʛʨʝʪʳʡ ʜʦ 150-

200 
0
ʉ ʦʪ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ, 

ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʘʨʦʢʦʤʧʨʝʩʩʦʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʈʠʩ. 2. ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ h - d 
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ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʘ ʥʘʨʷʜʫ ʩ ʵʪʠʤ, ʩʥʠʞʘʝʪʩʷ ʨʘʩʭʦʜ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.   
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Abstract: On ships of river and sea transport in the process of exploitation a 

huge amount of heat is lost. It is proposed to use this energy to improve the 

microclimatic conditions in the residential and service premises of ships. A 

simplified method for determining energy consumption is presented. A schematic 

diagram of the installation is proposed. A sequence of physical processes is shown 

that ensures the removal of heat from the premises through the utilization of lost 

energy. 

Keywords: ship power engineering; air conditioning; water transport; 

Moisture absorbers; Adsorber; Comfortable air. 

  

mailto:asjabina@mail.ru


 
 

126 
 

ɸʅɸʃʀɿ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʊʈɸɺʄɸʊʀɿʄɸ ʀ ʉʀʉʊɽʄʓ 

ʆʍʈɸʅʓ ʊʈʋɼɸ ɺ ʈʆʉʉʀʀ 

ʇʦʣʦʥʯʫʢ ʂʦʥʩʪʘʥʪʠʥ ʕʜʫʘʨʜʦʚʠʯ, ʩʪʫʜʝʥʪ.                               

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)005-48-19                  ʇʦʣʦʥʯʫʢ 

ʂ.ʕ., e-mail konstantinpoloncuk@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʈʦʩʩʠʠ ʟʘ 2010-2015 

ʛʦʜ. ʊʘʢ ʞʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ ʦʙʱʝʡ ʦʙʩʪʘʥʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʚ 

ʈʦʩʩʠʠ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦ ʩʠʩʪʝʤʝ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʭʨʘʥʘ ʪʨʫʜʘ, ʪʨʘʚʤʘʪʠʟʤ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

ʉʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝʭ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚʣʷʶʪʩʷ 

ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʘ ʪʘʢ ʞʝ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʨʘʙʦʪʥʠʢʦʚ.   

ɺ ʈʦʩʩʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʬʠʮʠʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʥʠʞʘʶʪʩʷ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2015 ʛʦʜ ʫʨʦʚʝʥʴ 

ʪʨʘʚʤʘʪʠʟʤʘ ʩʥʠʟʠʣʩʷ, ʪʘʢ ʚ 2010 ʛʦʜʫ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 47,7 ʪʳʩʷʯ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʪʦ ʫʞʝ ʚ 2015 ʛʦʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʠʣʦ 28,2 ʪʳʩʷʯ 

ʯʝʣʦʚʝʢ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʩʥʠʟʠʣʩʷ ʥʘ 40 % 

[2]. 

ʊʘʢ ʞʝ ʤʦʞʥʦ  ʨʘʩʩʤʦʪʨʝʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ 

ʠʩʭʦʜʦʤ, ʪʘʢ ʚ 2010 ʛʦʜʫ  ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ 

ʩʦʩʪʘʚʠʣʘ 2004 ʯʝʣʦʚʝʢ, ʪʦ ʚ 2015 ʛʦʜʫ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 27% ʠ 

ʩʦʩʪʘʚʠʣʦ 1456 ʯʝʣʦʚʝʢ [2]. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʪʠ, ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʪʨʘʥʩʧʦʨʪ ʠ ʩʚʷʟʴ. 

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʀʨʢʫʪʩʢʫʶ ʦʙʣʘʩʪʴ.  ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʥʠʞʘʝʪʩʷ. ʊʘʢ ʚ 2011 ʛʦʜʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 1203 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷ, ʪʦ ʫʞʝ 

ʚ 2015 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʥʠʟʠʣʦʩʴ ʜʦ 839. ɼʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʥʘ 30% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2011 ʛʦʜʫ.  ʊʘʢ ʞʝ ʠʜʝʪ 

ʩʥʠʞʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. ʊʘʢ ʚ 2011 ʚ 

ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 70 ʩʣʫʯʘʝʚ, ʪʦ ʚ 2015 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 
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46 ʩʤʝʨʪʝʣʴʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʩʥʠʞʝʥʠʝ ʥʘ 34% [1].  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ 

ʧʦʛʠʙʰʠʭ ʧʨʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ: 5 ʧʦʛʠʙʰʠʭ; ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ 

ʠʩʭʦʜʘʤʠ ʧʨʦʠʟʦʰʣʦ ʚ ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʩ 11 ʜʦ 4 ʯʝʣʦʚʝʢ (ʦʢʦʣʦ 63%), ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ ʩ 4 ʜʦ 3 ʯʝʣʦʚʝʢ (ʥʘ 25 %). 

ɺ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ:  

ʚʦ-ʧʝʨʚʳʭ, ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʫʭʫʜʰʝʥʠʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʦʭʨʘʥʳ 

ʪʨʫʜʘ; 

ʚʦ-ʚʪʦʨʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʘʨʝʚʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʚ-ʪʨʝʪʴʠʭ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʧʦ ʚʦʧʨʦʩʘʤ 

ʦʭʨʘʥʳ ʪʨʫʜʘ. 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʜʦʣʷ ʨʘʙʦʪʥʠʢʦʚ ʟʘʥʷʪʳʭ ʚʦ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʨʘʩʪʝʪ.  ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʈʦʩʩʠʠ ʩʥʠʞʝʥʠʝ ʦʬʠʮʠʘʣʴʥʦ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʫʨʦʚʥʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ 

ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʥʘ ʬʦʥʝ ʨʦʩʪʘ ʜʦʣʠ ʟʘʥʷʪʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ, ʥʝ 

ʦʪʚʝʯʘʶʱʠʭ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʥʦʨʤʘʪʠʚʘʤ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʣʦʛʠʢʝ ʠ 

ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʢʨʳʚʘʝʪʩʷ ʦʪ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʯʝʪʘ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʨʘʚʤ 

ʣʝʛʢʦʡ ʠ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ.  

ɺʝʜʴ ʨʘʙʦʪʦʜʘʪʝʣʶ ʧʨʦʱʝ  ʩʢʨʳʪ ʣʝʛʢʠʡ ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʥʝʞʝʣʠ 

ʧʨʦʚʦʜʠʪʴ ʨʘʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪ.ʜ. ɿʘʯʘʩʪʫʶ ʚ 

ʩʦʢʨʳʪʠʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʠ ʩʘʤʠ 

ʨʘʙʦʪʥʠʢʠ. ʇʦʨʦʡ ʧʦʩʪʨʘʜʘʚʰʝʤʫ ʨʘʙʦʪʥʠʢʫ ʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʝʥʩʘʮʠʶ, 

ʚʳʜʝʣʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʩʫʤʤʫ ʜʝʥʝʛ, ʠ ʩʧʠʩʘʪʴ ʚʩʝ ʥʘ ʧʨʦʩʪʫʶ ʙʳʪʦʚʫʶ 

ʪʨʘʚʤʫ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʫʜʘ ʠ ʟʘʥʷʪʦʩʪʠ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. çʉʦʩʪʦʷʥʠʝ 

ʫʩʣʦʚʠʡ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015 ʛʦʜʫ ʠ ʤʝʨʳ ʠʭ 

ʫʣʫʯʰʝʥʠʷè ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʜʦʢʣʘʜ. 

2. ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. 
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ANALYSIS OF INDUSTRIAL INJURIES AND THE OCCUPATIONAL 

SAFETY SYSTEM IN RUSSIA 
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Abstract 

The analysis of occupational injuries in Russia for 2010-2015. The same was 

considered by the industrial injuries Irkutsk region in contrast to the General 

situation of occupational injuries in Russia. After the analysis, there were some 

insights for the registration of accidents in production, the system of labour 

protection in the Russian production. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʚʳʧʦʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʦʪʭʦʜʘʤʠ ʚ ɿɸʆ çʕʃʉʀ 

ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷè. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ 

ʠʟʤʝʥʝʥʠʡ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʯʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʱʝʥʠʝ ʩ ʦʪʭʦʜʘʤʠ, ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ, 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʥʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʥʘ ʥʘʯʘʣʦ 2014 ʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʙʦʣʝʝ 35 ʤʣʨʜ ʪʦʥʥ ʦʪʭʦʜʦʚ. ɺ ʈʌ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʪ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʧʨʦʩʪʦ 

ʩʚʘʣʢʠ. ɺ ʅʦʚʦʩʠʙʠʨʩʢʝ ʧʦʣʠʛʦʥʳ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʘʧʦʣʥʝʥʳ. ʇʣʘʥʠʨʫʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʚʫʭ ʤʫʩʦʨʦʩʦʨʪʠʨʦʚʦʯʥʳʭ ʟʘʚʦʜʦʚ 

ʫʞʝ ʩ 2016 ʛ., ʥʦ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʩʨʝʜʩʪʚ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʩʪ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʦʥʦ ʚʩʝ ʚʨʝʤʷ ʦʪʢʣʘʜʳʚʘʝʪʩʷ. ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ 23.09.2016 

ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʦʝʢʪ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʇʝʨʝʯʥʷ ʚʠʜʦʚ ʦʪʭʦʜʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʟʘʭʦʨʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʧʨʝʱʘʝʪʩʷè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʫʞʝ ʚ ʙʣʠʞʘʡʰʠʝ 

ʛʦʜʳ ʙʫʜʝʪ ʚʚʝʜʝʥ ʟʘʧʨʝʪ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘʢ ʧʦʣʠʛʦʥʘʭ ʤʥʦʛʠʭ ʚʠʜʦʚ 

ʦʪʭʦʜʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1).  
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ʈʠʩ. 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʈʌ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ɿɸʆ çʕʃʉʀ ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷè, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʀʩʢʠʪʠʤʩʢʦʤ ʨʘʡʦʥʝ (ʩʪ. ɽʚʩʠʥʦ) ï 

çʎʝʭ ʛʦʨʷʯʝʛʦ ʮʠʥʢʦʚʘʥʠʷè. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ɿɸʆ çʕʃʉʀ 

ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷè ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʪʠʧʦʚ ʩʪʘʣʴʥʳʭ 

ʦʧʦʨ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʪʘʢʠʭ ʦʧʦʨ. çʎʝʭ 

ʛʦʨʷʯʝʛʦ ʮʠʥʢʦʚʘʥʠʷè ʧʦʟʚʦʣʷʝʪ ʦʮʠʥʢʦʚʳʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʠʤʳʝ ʦʧʦʨʳ 

ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷ ʠʟ ʣʶʙʳʭ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʈʦʩʩʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

ʧʨʦʮʝʩʩʳ ʧʦʜʛʦʪʦʚʢʠ ʤʝʪʘʣʣʘ ʠ ʛʦʨʷʯʝʛʦ ʮʠʥʢʦʚʘʥʠʷ ʟʘʢʣʶʯʝʥʳ ʚ ʟʘʱʠʪʥʳʝ 

ʢʘʧʩʫʣʳ, ʠʟʦʣʠʨʫʶʱʠʝ ʟʘʧʘʭʠ ʠ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ, ʪʘʢ ʢʘʢ ʚ ʝʜʠʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʣʠʥʠʶ ʩʦʙʨʘʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʝʜʫʱʠʭ 

ʝʚʨʦʧʝʡʩʢʠʭ ʢʦʤʧʘʥʠʡ. 

ʇʨʠ ʨʘʙʦʪʝ ʮʝʭʘ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʦʧʘʩʥʳʭ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʥʠʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʤʝʶʱʝʡʩʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ 

ʧʦ ʨʝʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ [1] 
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ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʳ ʠ ʧʣʘʩʪʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣɻʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʭʦʜʠʪ ʚ çʇʝʨʝʯʝʥʴ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡè. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʥʦʩʠʤʳʭ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠʟʤʝʥʝʥʠʡ [2 ï 

6], ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ɿɸʆ çʕʃʉʀ ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷè ʠ 

ʧʨʝʜʣʦʞʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʘʢʪʠʢʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.  

ɺʳʚʦʜ 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ  ɿɸʆ çʕʃʉʀ ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷè 

ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʧʘʩʥʳʭ. 

ʅʫʞʥʳ ʤʝʨʳ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʜʥʦʛʦ  ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʭʦʜʦʚ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘʨʫʰʝʥʠʷ ʚ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʥʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ. 

ɺ ʈʌ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʝʪʠ ʩ ʛʣʫʭʦʟʘʟʝʤʣʝʥʥʦʡ 

ʥʝʡʪʨʘʣʴʶ ʚ ʩʠʩʪʝʤʝ TN, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʤʝʨʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ 

ʟʘʱʠʪʥʦʝ ʟʘʥʫʣʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʪʥʦʝ ʟʘʥʫʣʝʥʠʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʧʦʜʩʪʘʥʮʠʷ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʶʯʝʥʠʝ, ʚʚʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʛʣʘʚʥʘʷ 

ʟʘʟʝʤʣʷʶʱʘʷ ʰʠʥʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʚ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 1 ʢɺ ʚʩʝ ʦʪʢʨʳʪʳʝ ʧʨʦʚʦʜʷʱʠʝ ʯʘʩʪʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʛʣʫʭʦʟʘʟʝʤʣʝʥʥʦʡ  ʥʝʡʪʨʘʣʠ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʱʠʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʟʘʱʠʪʥʦ-ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʩʚʝʨʭʪʦʢʠ ʠʣʠ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʦʢ. 

ɺ ʩʠʩʪʝʤʝ TN ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ.1 [1]. 

ʊʘʙʣʠʮʘ 1 

ʅʘʠʙʦʣʴʰʝʝ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʜʣʷ 

ʩʠʩʪʝʤʳ TN 

ʅʦʤʠʥʘʣʴʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Uo, ɺ ɺʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ, ʩ 

127 0,8 

220 0,4 

380 0,2 

ɹʦʣʝʝ 380 0,1 

mailto:popovaulya95@mail.ru
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ʋʢʘʟʘʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 1.1 ʚʨʝʤʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ Iʢʟ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʦʩʪʘʪʦʯʝʥ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʪʣʠ çʬʘʟʘ ï ʥʫʣʴè 

ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʥʦʩʪʠ ʟʘʱʠʱʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʦʪ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ (ʜʘʣʝʝ ʊʇ) [2]. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʇʋʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ  ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʚʚʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʜʘʣʝʝ 

ɺʈʋ) ʜʦ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʟʜʘʥʠʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʊʇ ʜʦ ɺʈʋ.  

ɼʦʧʫʩʢʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʙʦʣʝʝ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 1, 

ʥʦ ʥʝ ʙʦʣʝʝ 5 ʩ  ʚ ʮʝʧʷʭ, ʧʠʪʘʶʱʠʭ ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʳʝ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ 

ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʱʠʪʢʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘʱʠʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʝʞʜʫ ʛʣʘʚʥʦʡ ʟʘʟʝʤʣʷʶʱʝʡ ʰʠʥʦʡ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʱʠʪʦʤ ʠʣʠ ʱʠʪʢʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʆʤ: 

 

                                                 50 Zʮ/Uʬ,                                                       (1) 

 

ʛʜʝ Zʮ - ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ çʬʘʟʘ-ʥʫʣʴè, ʆʤ; 

Uʬ - ʥʦʤʠʥʘʣʴʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʮʝʧʠ, ɺ; 

50 - ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʟʘʱʠʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʝʞʜʫ ʛʣʘʚʥʦʡ 

ʟʘʟʝʤʣʷʶʱʝʡ ʰʠʥʦʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʱʠʪʦʤ ʠʣʠ ʱʠʪʢʦʤ, ɺ. 

ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʘʧʨʷʞʝʥʠʶ ʧʨʠʢʦʩʥʦʚʝʥʠʷ Uʧʨ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʦʢʘʞʝʪʩʷ ʯʝʣʦʚʝʢ, ʢʘʩʘʶʱʠʡʩʷ ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʜʦ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ. 

ɻʣʘʚʥʘʷ ʟʘʟʝʤʣʷʶʱʘʷ ʰʠʥʘ (ʜʘʣʝʝ ɻɿʐ) ï ʵʪʦ ʚʘʞʥʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʢɺ, ʚʳʧʦʣʥʷʶʱʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʩʣʫʞʘʱʘʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ, ʘ ʪʘʢ 

ʞʝ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ [2].  

ʇʨʠ ʧʦʤʦʱʠ ʛʣʘʚʥʦʡ ʰʠʥʳ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʱʠʪʫ, ʠ ʩʦʝʜʠʥʷʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʪʦʢ. 

ɻɿʐ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚʥʫʪʨʠ ʚʚʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ1 ʢɺ ʠʣʠ ʦʪʜʝʣʴʥʦ ʦʪ ʥʝʛʦ ʚ ʜʦʩʪʫʧʥʦʤ, 

ʫʜʦʙʥʦʤ ʤʝʩʪʝ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʉʝʯʝʥʠʝ ɻɿʐ, ʦʪʜʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʩʝʯʝʥʠʷ 

ʈɽ(PEN)-ʧʨʦʚʦʜʥʠʢʘ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ. ɺʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʣʘʚʥʦʡ 

ʟʘʟʝʤʣʷʶʱʝʡ ʰʠʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʰʢʘʬʫ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʱʠʢ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʛʥʫʪʳʭ ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ, ʢʦʪʦʨʳʡ ʚʤʝʱʘʝʪ ʚ ʩʝʙʷ ɻɿʐ. 

ɻɿʐ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʜʥʦʡ. ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɻɿʐ ʠʟ ʩʪʘʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʰʠʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 
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ʈʘʩʯʝʪ ʟʘʥʫʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʝʪʠ 380/220 ɺ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʩʝʪʠ 380/220 ɺ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ (ʨʠʩ. 

2) (ʠʥʜʫʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʣʷ ʤʝʜʥʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ). 

 
ʈʠʩ. 2 ï ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʩʝʪʠ 380/220 ɺ 

 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ 1, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

                                                      
  ʬ ʬ ʦ

                                                   

(2) 

 

ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ Ὗʧʨ ʩ ʫʯʝʪʦʤ Ὅʢʟ: 

                                     Ὅʢʟ 
ʬ

ʪʨ
ʬ ʬ

                                   (3) 
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                            Ὗʧʨ 
ʬ

ʪʨ
ʬ ʬ

ϽὙ                               (4) 

 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʥʫʣʝʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʬʘʟʥʦʛʦ, ʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ [1]. 

ʇʫʩʪʴ Ὑ  = ςὙʬ, ʪʦʛʜʘ Ὑʬ = 0,5Ὑ .  

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ Ὑ
ʪʨ
Ὑʬ Ὑ  ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

 

                                   Ὗʧʨ 
ʬ

ȟ
ϽὙ                                     (5)  

ʠʣʠ 

 

                                       Ὗʧʨ 
ʬ

ȟ
                                                    (6)  

 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʠʥʘ ʢʘʙʝʣʷ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʚʦʜʘ ʚ ʟʜʘʥʠʝ ʜʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʤʦʞʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2) ʟʘʧʠʩʘʪʴ: 

 

                                  
   

 ρȢυ ςȢω                                   (7) 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʥʳʭ ʠ ʥʫʣʝʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

Ὑ  ”                                                  (8) 

 

ʇʦʩʣʝ ʚʩʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ  ʚʳʨʘʞʝʥʠʝ:  

                                                           

                                             ὒ πȢυσϽὛ
ʪʨ
Ͻ

ʬ
                         

(9) 

     

ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʜʦʧʫʩʪʠʤʫʶ ʜʣʠʥʫ ʢʘʙʝʣʷ ʦʪ  

ʚʚʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʟʜʘʥʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ɺʈʋ ʜʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ 

ʦʪ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʦʚ ʢʘʙʝʣʷ ʧʦʪʨʝʙʠʪʝʣʷ S2 ʠ ʧʠʪʘʶʱʝʛʦ ʢʘʙʝʣʷ S1. 
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ɸʥʥʦʪʘʮʠʷ:  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʝʣʴʩʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʦʡ ʧʣʘʚʣʝʥʠʝʤ. 

ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(ʜʘʣʝʝ ʇʕʇ) ʪʠʧʘ ʇ111-5,0-ʂ6 ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʯʘʩʪʦʪʘʭ 

2,5 ʠ 5,0 ʄɻʮ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ  ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʪʠʧʘ ʦʪʨʘʞʘʪʝʣʷ 

ʠ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 

ʜʚʫʭ ʯʘʩʪʦʪʘʭ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʣʴʩʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʪʥʦʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  

ʈʝʣʴʩʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ, ʩʚʘʨʥʦʡ ʰʦʚ, ʩʪʨʫʢʪʫʨʦʩʢʦʧʠʷ, 

ʨʘʟʤʝʨ ʟʝʨʥʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʣʴʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʜʦʨʦʛʠʭ ʠ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʉʚʘʨʢʘ ʙʝʩʩʪʳʢʦʚʳʭ 

ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʠ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ [1, 2]. ʇʦʵʪʦʤʫ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʝʣʴʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʈʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʜʦʝʤʢʠ, 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʧʣʦʰʥʦʡ ʢʦʥʪʨʦʣʴ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʝ 

ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ [3ï5]. ʄʝʪʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʩʢʦʧʠʠ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʟʣʠʯʥʦʤ ʚʣʠʷʥʠʠ  ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʩ ʨʘʟʥʦʡ ʯʘʩʪʦʪʦʡ [6].  
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ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʩʝʷʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʠ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ [7] ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ ʠ Ὢ ʚ ʨʝʣʴʩʝ Ўὔ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ: 

Ўὔ ὑϽὶϽὈ ϽὪ Ὢ ,     (1) 

ʛʜʝ Ўὔ ï ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ, ʜɹ; ὑ στχ ʜɹϽʤʤ Ͻʤ Ͻʄɻʮ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; ὶ ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʪʨʘʞʘʪʝʣʷ, ʤ; Ὀ ï 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʤʤ; ὪȟὪ ï ʯʘʩʪʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʄɻʮ. 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʧʝʨʣʠʪʥʳʭ ʙʣʦʢʦʚ ʚ ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 

7ï8 ʙʘʣʣ ʧʦ ɻʆʉʊ 5639-60 (20-30 ʤʢʤ) [8]. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1) 

ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ 2,5 ʠ 5,0 ʄɻʮ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1 ʜʣʷ Ὀ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 100 ʤʢʤ.  

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ æN ʥʘ ʯʘʩʪʦʪʘʭ 2,5 ʠ 5,0 ʄɻʮ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʦʚ ʟʝʨʥʘ Ὀ 

ʈʘʟʤʝʨ ʟʝʨʥʘ, Ὀ ʤʤ 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10 

ʆʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ, 

ʜɹ 
0,3 1,0 2,3 4,6 7,9 12,6 18,7 26,7 36,6 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʨʘʚʥʝʥʠʠ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʦʙʳʯʥʦ ʥʠʟʢʘʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʩʦʩʪʦʷʥʠʝʤ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ 

ʚʘʨʠʘʮʠʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʚʦʣʥʳ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʩʪʘʥʜʘʨʪʥʳʡ ʇʕʇ ʪʠʧʘ ʇ-111-5,0-ʂ6 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘ ʯʘʩʪʦʪʝ 2,5 ʠ 5,0 ʄɻʮ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʫʩʪʘʥʦʚʢʠ ʇʕʇ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ 

ʢʦʥʪʨʦʣʷ.  

ɼʣʷ ʢʦʥʪʨʦʣʷ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ ʦʜʥʠʤ ʇʕʇ ʦʧʪʠʤʠʟʠʨʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʩʪʨʦʡʢʘʭ ʜʝʬʝʢʪʦʩʢʦʧʘ ʋʉɼ-50: ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ʰʠʨʠʥʘ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʝʬʝʢʪʦʩʢʦʧʦʤ ʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʧʦʜʢʣʶʯʘʣʩʷ ʮʠʬʨʦʚʦʡ 

ʟʘʧʦʤʠʥʘʶʱʠʡ ʦʩʮʠʣʣʦʛʨʘʬ Tektronix TDS2014C. ɼʦʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 10 ʥʩ ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʭ ʩʧʝʢʪʨʳ (ʨʠʩ. 1). ʏʘʩʪʦʪʘ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʥʘ ʨʠʩ.1,ʘ 

ʨʘʚʥʘ 2,5 ʄɻʮ ʩ ʰʠʨʠʥʦʡ ʥʘ ʧʦʣʫʚʳʩʦʪʝ 0,5 ʄɻʮ, ʘ ʚ ʩʧʝʢʪʨʝ ʥʘ ʨʠʩ.2,ʙ ï 4,8 

ʄɻʮ ʩ ʰʠʨʠʥʦʡ, ʨʘʚʥʦʡ 0,4 ʄɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʜʝʬʝʢʪʦʩʢʦʧʘ ʫʜʘʣʦʩʴ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʨʦʣʷ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 4 

%. 
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ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʵʭʦ-ʩʠʛʥʘʣʦʚ: ʘ ï 2,5 ʄɻʮ; ʙ ï 5,0 ʄɻʮ 

 

ɺʣʠʷʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʫʶ ʠʤʠʪʠʨʦʚʘʣʠ ʤʝʜʥʦʡ ʬʦʣʴʛʦʡ (ʪʦʣʱʠʥʦʡ 0,05 ʤʤ), ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ 

ʢʦʪʦʨʦʡ ʧʦʜʢʣʘʜʳʚʘʣʦʩʴ ʧʦʜ ʦʜʠʥ ʢʨʘʡ ʇʕʇ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʤʠʪʘʪʦʨ, 

ʪʦʣʱʠʥʦʡ ʜʦ 0,1 ʤʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ.  ʇʨʠ 

ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʥʝʨʦʚʥʦʩʪʠ ʚ ʨʘʟʤʝʨʘʭ ʇʕʇ ʦʪʥʦʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜ ʚʳʨʘʩʪʘʝʪ ʜʦ 9 ʜɹ ʧʦ ʤʦʜʫʣʶ.   

ɼʦʥʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʨʝʣʴʩʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 80 ʤʤ ʩ ʰʘʛʦʤ 5 ʤʤ. ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 10 ʤʤ ʦʪ ʦʩʠ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʨʠʩ. 2,ʘ) ʥʘ ʯʘʩʪʦʪʝ 2,5 ʄɻʮ 

ʥʘ 5ï7 ʜɹ, ʘ ʥʘ ʯʘʩʪʦʪʝ 5 ʄɻʮ ʥʘ 20ï25 ʜɹ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʘʤʧʣʠʪʫʜʳ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ. ʃʠʙʦ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʨʝʣʴʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪ ʚʦʣʥʳ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʣʦʝʚ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘ ʥʠʞʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʣʴʩʘ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʘ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʠʭʦʜʠʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʘ ʘʤʧʣʠʪʫʜʘ 

ʜʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʘʜʘʝʪ [9]. ʆʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ ʚʩʝʛʜʘ 

ʠʤʝʝʪ ʦʜʠʥ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ (ʨʠʩ. 2,ʙ). 

   ʘ)        ʙ) 
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ʈʠʩ. 2. ʘ ï ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ; 

ʙ ï ʜʠʘʛʨʘʤʤʘ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʇʨʦʢʦʥʪʨʦʣʠʨʦʚʘʥʦ ʙʦʣʝʝ 10 ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʣʴʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 14 ʜʦ 32 ʜɹ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (1) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 73 ʜʦ 96 

ʤʢʤ.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ 

ʚʳʧʦʣʥʠʣʠ ʝʝ ʰʣʠʬʦʚʢʫ ʜʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Rz = 20 ʤʢʤ. ʇʦʩʣʝ ʟʘʯʠʩʪʢʠ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ ʚ ʟʦʥʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 100 ʤʤ ʚ ʦʙʝ 

ʩʪʦʨʦʥʳ, ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʜʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ Ñ 

2 ʜɹ. 

ɺʳʚʦʜʳ 

ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʨʦʣʷ (2,5 ʠ 4,8 ʄɻʮ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʠʧʘ ʇ111-5,0-ʂ6. 

ʅʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʦʜʘ ʛʣʫʙʠʥʦʡ ʜʦ 0,15 ʤʤ ʥʘ ʨʘʟʤʝʨʝ ʇʕʇ 

ʚʳʟʳʚʘʶʪ ʚʘʨʠʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʥʝ ʙʦʣʝʝ 2 ʜɹ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

ʠʩʢʣʶʯʝʥʦ ʚʣʠʷʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʚʘʨʥʳʭ ʩʪʳʢʘʭ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʥʘ 14ï32 ʜɹ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʨʘʟʤʝʨʫ ʟʝʨʥʘ 73 ï 

 96 ʤʢʤ. 
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Abstract. The results of experimental studies of the two-frequency method 

of ultrasonic inspection of welded joints of rails produced by electrocontact welding 

by melting are presented. The technique of application of one standard converter of 

type ʇ111-5.0-K6 for sequential control at frequencies of 2.5 and 5.0 MHz has been 

worked out. The influence of an acoustic contact, the type of the reflector and the 

state of the bottom surface on the ratio of the amplitudes of the bottom signals at 

two frequencies was studied. The results of inspection of welded rail joints are 

given. Using the theory of single scattering of acoustic waves and experimental 

data, a formula is obtained that relates the ratio of the amplitude of the bottom 

signals to the grain size. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʮʝʥʠʚʘʝʪʩʷ ʫʩʣʦʚʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʪʨʘʚʤʘʪʠʟʤ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ ʧʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʚ ʛʦʨʦʜʝ ʅʦʚʦʩʠʙʠʨʩʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʚʤʘʪʠʟʤ; ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ; ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʠ ʚʩʝ ʯʘʱʝ ʧʦʜʥʠʤʘʶʪ ʚʦʧʨʦʩʳ ʦ ʩʚʦʠʭ 

ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ ʧʨʘʚʘʭ ʥʘ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ 

ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʝ  ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʨʘʚʤ  ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ, ʪʨʫʜʷʱʠʭʩʷ ʚʘʞʥʳʝ ʟʘʜʘʯʠ, ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ 

ʪʨʫʜʘ  ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

 ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ʥʝʧʨʘʚʠʣʴʥʦ 

ʦʪʥʦʰʝʥʠʝ ʢ ʦʮʝʥʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʤʥʦʶ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ   

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ,  ʙʦʣʴʰʝ ʚʩʝʛʦ  ʩʤʝʨʪʝʣʴʥʳʭ ʠ ʪʷʞʝʣʳʭ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ, ʤʝʥʴʰʝ - ʣʝʛʢʠʭ ʪʨʘʚʤ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʤʠʢʨʦʪʨʘʚʤʳ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʕʪʦ ʤʦʞʥʦ 

ʜʦʢʘʟʘʪʴ, ʧʨʦʚʝʜʷ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2015 ʛʦʜ. ʊʦ ʝʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʧʠʨʘʤʠʜʫ 

ʧʨʦʠʩʰʝʩʪʚʠʡ - ʧʠʨʘʤʠʜʫ ɼʶʧʦʥʘ. 

ɺ ʤʦʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ, ʪʘʙʣʠʮʳ ʠ ʧʠʨʘʤʠʜʳ ʧʦ ʦʪʨʘʩʣʠ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʘʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʢʘʢ ʙʶʣʣʝʪʝʥʴ çʆ ʪʨʘʚʤʘʪʠʟʤʝ ʦʪ 

ʥʝʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʛʦʨʦʜʘʭ ʠ ʨʘʡʦʥʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015è[1], 

ʦʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ çʆ ʧʨʦʠʩʰʝʜʰʠʭ ʥʝʩʯʘʩʪʥʳʭ ʪʷʞʝʣʳʭ ʠ ʩʤʝʨʪʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʚ ʅʉʆ ʟʘ 2015 ʛʦʜè[2], ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ç ɼʠʥʘʤʠʢʘ ʭʨʦʥʠʯʝʩʢʠʭ 

ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ ʚ ʅʉʆ ʠ ʚ ʈʌè.[3] 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʛʨʘʬʠʢʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʈʌ ʩ 2011-2015 ʛʦʜ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ  

ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʠ ʩʤʝʨʪʝʣʴʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 
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ʥʘ 0,9%, ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʭʦʨʦʰʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʩʦʩʪʘʚʠʪʴ ʧʦ ʵʪʠʤ 

ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʫʶ ʧʠʨʘʤʠʜʫ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʠʤ 

ʧʠʨʘʤʠʜʫ ɼʶʧʦʥʘ, ʪʦ ʤʳ ʫʚʠʜʠʤ ʵʪʠ ʜʘʥʥʳʝ ʩʦʚʩʝʤ ʧʦ-ʜʨʫʛʦʤʫ. ʉʦʛʣʘʩʥʦ 

ʧʠʨʘʤʠʜʝ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ  ʪʨʠʜʮʘʪʴ ʪʳʩʷʯ ʦʧʘʩʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠʭʦʜʠʪʴʩʷ 

ʪʨʠ ʪʳʩʷʯʠ ʤʠʢʨʦʪʨʘʚʤ ʪʘʢʠʭ ʢʘʢ ʧʦʨʝʟʳ, ʫʰʠʙʳ ʪʨʝʙʫʶʱʠʭ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʨʠʩʪʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʪʨʘʚʤ - ʪʨʘʚʤ 

ʧʦʪʨʝʙʦʚʘʚʰʠʭ ʣʝʯʝʥʠʷ, ʧʝʨʝʚʦʜʘ ʥʘ ʣʝʛʢʠʡ ʪʨʫʜ. ʊʨʠʜʮʘʪʴ ʪʨʘʚʤ ʧʦʚʣʝʢʰʠʭ 

ʧʦʪʝʨʶ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʜʠʥ ʪʷʞʝʣʳʡ ʩʣʫʯʘʡ ʚʳʟʚʘʚʰʠʡ ʩʤʝʨʪʴ ʠʣʠ 

ʧʨʠʚʝʜʰʠʡ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʥʘʰʠʭ ʜʘʥʥʳʭ ʥʘ 42356 ʥʝʩʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ ʩ ʤʝʣʢʠʤʠ ʪʨʘʚʤʘʤʠ ʧʨʠʭʦʜʠʪʩʷ 6099 ʥʝʩʯʘʩʪʥʳ ʩʣʫʯʘʝʚ ʪʷʞʝʣʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʘ ʥʘ ʥʠʭ 1779 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. 

ʇʦʩʯʠʪʘʚ ʢʘʞʜʫʶ ʩʪʫʧʝʥʴ ʧʠʨʘʤʠʜʳ ʧʨʦʠʩʰʝʩʪʚʠʡ ʷ ʧʨʠʰʣʘ ʢ ʜʨʫʛʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. ʏʪʦ ʥʘ 1779 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʜʦʣʞʥʦ 

ʧʨʠʭʦʜʠʪʴʩʷ ʦʪ 17790-53970 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩ ʪʷʞʝʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʘ 

ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʩ ʤʝʣʢʠʤʠ ʪʨʘʚʤʘʤʠ  ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 177900 ʜʦ 

539700. ʊʘʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʳʭ, ʜʘʝʪ ʥʘʤ ʧʦʥʷʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʢʘʞʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɽʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʨʘʥʳ ʥʘʤʝʨʝʥʥʦ ʩʢʨʳʚʘʶʪ  ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʚʨʝʜʥʳʤ ʬʘʢʪʦʨʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ  ʤʝʣʢʠʝ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

ʇʦ ʜʘʥʥʳʤ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʜʦʢʣʘʜʘ çʆ ʩʦʩʪʦʷʥʠʠ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 

2015 ʛʦʜè[3] ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ  ʜʠʘʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʅʉʆ ʤʝʥʴʰʝ ʚ ʜʚʘ ʨʘʟʘ, ʯʝʤ  ʚʦ ʚʩʝ ʩʪʨʘʥʝ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʷʤʠ ʚ ʅʉʆ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʢʘʢ: ʟʘʙʦʣʝʚʘʥʠʝ ʦʨʛʘʥʘ ʩʣʫʭʘ, ʟʘʙʦʣʝʚʘʥʠʝ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʟʘʙʦʣʝʚʘʥʠʷ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʙʶʣʣʝʪʝʥʷ çʆ ʪʨʘʚʤʘʪʠʟʤʝ ʦʪ ʥʝʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʛʦʨʦʜʘʭ 

ʠ ʨʘʡʦʥʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015è[1] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2015 ʛʦʜ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ ʥʘ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʘʟʘ ʠ ʚʦʜʳ ʟʘʥʠʤʘʝʪ ʰʝʩʪʦʝ ʤʝʩʪʦ, ʫʩʪʫʧʘʷ 

ʪʘʢʠʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʨʘʥʩʧʦʨʪ. 

ʅʦ ʟʘʥʠʤʘʝʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʧʦ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, 

ʩʨʝʜʠ ʪʝʭ ʞʝ ʚʠʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ, ʷʚʣʷʝʪʩʷ 

ʰʫʤ, ʫʣʴʪʨʘ-ʠ ʠʥʬʨʘʟʚʫʢ, ʟʘ ʥʠʤ ʠʜʝʪ ʟʘʧʳʣʝʥʥʦʩʪʴ ʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ.  ʊʘʢʞʝ 

ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʚʤʘʪʠʟʤʘ ʟʘ 2015 ʛʦʜ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ:  

ʇʦʩʢʦʣʴʢʫ ʥʘʤ ʠʟʚʝʩʪʥʦ ʯʠʩʣʦ ʪʨʘʚʤ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʊ ʠ 

ʩʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ὖ ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ  ʩʨʝʜʥʶʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʨʘʙʦʯʠʭ ʜʥʷʭ, ʟʘ ʠʩʪʝʢʰʠʡ ʧʝʨʠʦʜ: 

 ὑʯ
Ὕz ρπππ

ὖ

τχzρπππ

ρπςυτ
τȟυ 
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ʉʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʝʛʦ, 

ʚʳʨʘʞʝʥʥʫʶ ʚ ʨʘʙʦʯʠʭ ʜʥʷʭ, ʟʘ ʠʩʪʝʢʰʠʡ ʧʝʨʠʦʜ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ, ʟʥʘʷ ʦʙʱʝʝ ʯʠʩʣʦ ʜʥʝʡ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ɼ ʠ ʯʠʩʣʦ 

ʪʨʘʚʤ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʊ: 

ὑ
ɼ

ʊ

ρτ

τχ
πȟχ 

ʊʘʢ ʞʝ ʟʥʘʷ ʯʠʩʣʦ ʪʨʘʚʤ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʊ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʝʨʝʟ 

ʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʩʨʝʜʥʝʤ ʧʦʚʪʦʨʷʶʪʩʷ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ.   

ὄ ςςȟυz
ρς

τχ
υȟχτ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʷʞʝʩʪʠ ʪʨʘʚʤʘʪʠʟʤʘ ὑ  , ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʝ 

ʯʠʩʣʦ ʨʘʙʦʪʘʶʱʠʭ ὖ ʠ ʯʠʩʣʦ ʤʝʩʷʮʝʚ ʚ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ὓ:  

ὗ
ὑ Ὕzz ρππ

ὖ ὓz ςzςȟυ

πȟχz τχzρππ

ρπςυτρzςzςςȟυ
πȟππρψ 

ɺʳʚʦʜ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ 

ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ ʧʦ ʈʦʩʩʠʠ ʠ ʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʦʧʘʩʥʳʝ ʚʨʝʜʥʳʝ 

ʬʘʢʪʦʨʳ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʵʪʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ 

ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸʂʊʆʈʆɺ ɻʈʆɿʆʋʇʆʈʅʆʉʊʀ ɺʃ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃ) ʠ ʧʦʜʩʪʘʥʮʠʡ (ʇʉ) ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ ʠ 220 ʢɺ ʚ 

ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʚ ʟʦʥʘʭ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɸʆ 

çʊʶʤʝʥʴʵʥʝʨʛʦè ʠ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʍʘʙʘʨʦʚʩʢʦʛʦ 

ʇʄʕʉ. ɼʣʷ ɺʃ ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʯʠʩʣʘ ʛʨʦʟʦʚʳʭ ʦʪʢʣʶʯʝʥʠʡ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʛʨʫʥʪʘ, ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʝʥʠʷ ʦʧʦʨ. ɸʥʘʣʠʟ 

ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʚʦʟʜʫʰʥʦʡ 

ʣʠʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʤʦʣʥʠʡ ʙʳʣʦ ʥʘ ʧʝʩʯʘʥʦʤ ʛʨʫʥʪʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʘʥʘʣʠʟ 

ʚʳʩʦʪ ʥʝ ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʥʮʠʧ ʯʪʦ çʤʦʣʥʠʷ ʫʜʘʨʷʝʪ ʚ ʥʘʠʚʳʩʰʫʶ ʪʦʯʢʫè, ʪʘʢ 

ʢʘʢ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʠʝ ʚʳʩʦʪʳ. ɼʣʷ 

ʢʘʞʜʦʡ ʦʧʦʨʳ ʙʳʣʘ ʧʦʩʯʠʪʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʠ ʩʜʝʣʘʣʠ ʚʳʚʦʜ ʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʱʠʭʩʷ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʦʟʦʚʳʝ ʦʪʢʣʶʯʝʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʦʨ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ, ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ. 

 

ʀʟ-ʟʘ ʫʜʘʨʦʚ ʤʦʣʥʠʡ ʚ ɺʃ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʠʤʧʫʣʴʩʳ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʢʨʫʪʠʟʥʫ ʠ 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʢʣʶʯʝʥʠʷʤ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ [1]. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʵʪʦ 

ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʨʫʥʪʘ, ʪʘʢʠʭ ʢʘʢ ʨʘʡʦʥʳ ʩ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʦʡ, ʨʝʣʠʢʪʦʚʳʝ ʧʝʩʯʘʥʳʝ ʛʨʫʥʪʳ ʠ ʪʚʝʨʜʳʡ ʩʢʘʣʠʩʪʳʡ ʛʨʫʥʪ. ɸʥʘʣʠʟ 

ʩʪʘʪʠʩʪʠʢʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʤʝʞʚʠʪʢʦʚʦʝ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʦʙʤʦʪʢʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʝʞʚʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʫʜʘʨʘʭ ʤʦʣʥʠʠ ʚ ɺʃ. ʆʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʢʦʨʦʪʢʠʝ ʠ ʩʨʝʟʘʥʥʳʝ ʚʦʣʥʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʦʚ ʤʦʣʥʠʡ ʚ ʦʧʦʨʳ ʥʘ ʚʩʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ 

ɺʃ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ɺʃ, ʪʦ ʝʩʪʴ 

ʦʮʝʥʠʪʴ ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ʚʩʝʭ ʦʧʦʨ ʥʘ ʣʠʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
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ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʤʝʨʝ ɺʃ 

110 ʢɺ, ɸʐ-208, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ, ɺʃ 220 ʢɺ ʋʨʛʘʣ-

ʕʪʝʨʢʘʥ ʃ-280 ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʠ ʦʪ ɺʃ 220 ʢɺ ɺʳʥʛʘʧʫʨ-ʅʦʚʦʛʦʜʥʷʷ ʚ 

ʗʤʘʣʦ-ʅʝʥʝʮʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʦʢʨʫʛʝ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʤ ʥʘ ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʨʝʣʴʝʬ 

ʤʝʩʪʥʦʩʪʠ ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ɺʃ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʣʶʯʝʥʠʡ ʦʪ ʨʝʣʴʝʬʘ ʥʘ ʧʨʠʤʝʨʝ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

çʅʦʚʦʛʦʜʥʷʷ ï ɺʳʥʛʘʧʫʨè ʠ çʋʨʛʘʣ ï ʕʪʝʨʢʘʥè. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʧʦʨʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʳʩʦʪʝ ʜʦʣʞʥʳ ʙʦʣʴʰʝ ʧʦʜʚʝʨʛʘʪʴʩʷ ʫʜʘʨʘʤ ʤʦʣʥʠʡ. ʅʦ 

ʤʳ ʪʦʯʥʦ ʥʝ ʟʥʘʝʤ, ʢʘʢ ʜʘʥʥʘʷ ʦʧʦʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʝʣʴʝʬʝ, ʥʘ ʩʢʣʦʥʝ ʠʣʠ 

ʥʘ ʚʝʨʰʠʥʝ ʛʦʨʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʨʦʚ ʥʘ ɺʃ 220 ʢɺ çʅʦʚʦʛʦʜʥʷʷ ï ɺʳʥʛʘʧʫʨè 

ʧʨʠʰʣʦʩʴ ʥʘ ʚʳʩʦʪʳ 97 ʤʝʪʨʦʚ ʠ 110 ʤʝʪʨʦʚ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʩʦʪʘʭ 116-

120 ʤʝʪʨʦʚ. ɸ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʨʦʚ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʧʨʠʰʣʦʩʴ 

ʥʘ ʣʠʥʠʠ çʋʨʛʘʣ ï ʕʪʝʨʢʘʥè ʥʘ ʚʳʩʦʪʳ 568 ʠ 627 ʤʝʪʨʦʚ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʚʳʩʦʪʘʭ 790 ʤ. ʊʦ ʝʩʪʴ ʘʥʘʣʠʟʘ ʥʝ ʚʳʷʚʠʣ, ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʢʣʶʯʝʥʠʡ ʦʪ ʚʳʩʦʪʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, ʪʠʧʳ ʛʨʫʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʢʣʶʯʝʥʠʡ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʣʶʯʝʥʠʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ ʦʧʦʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʧʝʩʯʘʥʳʭ 

ʛʨʫʥʪʦʚ. ʇʨʠ ʯʝʤ ʥʘ ɺʃ çɽʪʳ-ʇʫʨ ï ʅʦʚʦʛʦʜʥʷʷè ʪʦʣʴʢʦ 19% ʦʪ ʚʩʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʠ ʟʘʥʠʤʘʶʪ ʧʝʩʯʘʥʳʝ ʛʨʫʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʦʥʝ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʦʚ ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ.  

 
ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʣʶʯʝʥʠʡ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ: ʘ) ɺʃ 110 

ʢɺ çɽʪʳ-ʇʫʨ ï ʅʦʚʦʛʦʜʥʷʷè, ʙ) ɺʃ 220 ʢɺ çʅʦʚʦʛʦʜʥʷʷ ï ɺʳʥʛʘʧʫʨè 

 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ʣʠʥʠʠ 

ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʦʨ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʠ ʥʘ ʤʘʣʦʤ ʫʜʝʣʴʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʛʨʫʥʪʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʦʨ ʤʦʞʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʇʋʕ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʠ 

͊ύ ͋ύ 
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ʧʨʦʙʦʷ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [2]. ɿʥʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʧʦʨ ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʟʥʘʯʝʥʠʡ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʠʤʧʫʣʴʩʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʦʨʝ. ɽʩʣʠ ʠʤʧʫʣʴʩ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʙʫʜʝʪ 

ʧʨʝʚʳʰʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ, ʪʦ ʧʨʦʠʟʦʡʜʝʪ 

ʦʙʨʘʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ. ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʤʦʣʥʠʠ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʦʙʨʘʪʥʳʝ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʦʧʦʨʳ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ʚʦʣʴʪ ʩʝʢʫʥʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ (1) ʠ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʦʨʝ 

(2), ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʧʦʨʳ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʟʝʤʣʝʥʠʷ. 

 

Ὗʚʩʭὰʠʟz τππŰȟ
     (1) 

 

ʛʜʝ Uʚʩʭ ï ʚʦʣʴʪ-ʩʝʢʫʥʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ, ʢɺ;  

lʠʟ ï ʜʣʠʥʘ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ, ʤ;  

Ű ï ʚʨʝʤʷ, ʤʢʩ. 

 

ὟʠʟŰ Ὗ Ű ὟʠʥȢʤŰ ὟʠʥȢɻŰ ὟʠʥȢʪʨŰ ό • ,  (2) 

 

ʛʜʝ Ὗ Ű ï ʩʦʩʪʘʚʣʷʶʱʘʷ, ʚʳʟʚʘʥʥʘʷ ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʟʘʟʝʤʣʝʥʠʷ; 

ὟʠʥȢʤŰ ï ʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʜʫʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʪʦʢʦʤ ʚ ʦʧʦʨʝ ʠ ʪʦʢʦʤ ʚ ʢʘʥʘʣʝ ʤʦʣʥʠʠ; 

ὟʠʥȢɻŰ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʜʫʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

ὟʠʥȢʪʨŰ ï ʥʘʧʨʷʞʝʥʠʝ, ʠʥʜʫʢʪʠʨʦʚʘʥʥʦʝ ʥʘ ʧʨʦʚʦʜʝ ʪʦʢʦʤ ʚ ʪʨʦʩʝ; 

 ό •  ï ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʤʦʣʥʠʠ.  

ɿʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʢʨʠʚʳʭ ʧʦ ʠʭ ʧʝʨʝʩʝʯʝʥʠʶ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʪʦʢʠ ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʨʳʪʠʝ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʠ ʚʳʟʳʚʘʶʱʝʝ ʦʙʨʘʪʥʳʝ 

ʧʝʨʝʢʨʳʪʠʷ ʜʣʷ ʣʶʙʦʡ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʥʘ ʫʯʘʩʪʢʝ ɺʃ 220 ʢɺ 

çʋʨʛʘʣ-ʕʪʝʨʢʘʥè ʩ 100 ʧʦ 200 ʦʧʦʨʫ. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʠʤ ʤʥʦʞʝʩʪʚʦ ʦʧʦʨ, ʫ 

ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

50%, ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʦʧʦʨʳ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 200 ʆʤ, ʫ ʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 80%. ʇʨʷʤʦʡ ʣʠʥʠʝʡ 

ʧʦʢʘʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 15 ʆʤ, ʪʨʝʙʫʝʤʦʝ ʧʦ ʇʋʕ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ 24 %. 
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ʈʠʩ.2 ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ ʤʦʣʥʠʠ ʚʳʟʳʚʘʶʱʝʛʦ ʧʨʦʙʦʡ 

ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ ʥʘ ʫʯʘʩʪʢʝ ɺʃ 220 ʢɺ çʋʨʛʘʣ-ʕʪʝʨʢʘʥè ʩ 100 ʧʦ 200 

ʦʧʦʨʫ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʛʨʦʟʦʫʧʦʨʥʦʩʪʴ ɺʃ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʟʝʤʣʝʥʠʷ ʦʧʦʨ ʦʢʘʟʳʚʘʶʪ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ. ʉʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʨʝʣʴʝʬ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦ ʤʠʤʦ ʚʳʩʦʪʳ, ʜʨʫʛʠʝ 

ʢʨʠʪʝʨʠʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ. ɹʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʧʨʠ ʫʜʘʨʝ 

ʤʦʣʥʠʠ ʚ ʦʧʦʨʫ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ɺʃ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 60 % ʦʧʦʨ, 

ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ. ɺʩʝ ʵʪʠ ʦʧʦʨʳ 

ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʇʦ ʥʘʰʝʡ ʤʝʪʦʜʠʢʝ ʤʦʞʥʦ ʪʦʯʥʦ ʚʳʙʨʘʪʴ 

ʦʧʦʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, 

ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʟʘʱʠʪʫ. 
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RESEARCH OF FACTORS OF LIGHTNING -SURGE PROOFING OF AIR-

LINES 

 

Skryabina E. A. Graduate student, Masterôs Degree student, email: 

ekaterina.skryabina.93@mail.ru 

Ilyushov N.Y. Ph.D. (Engineering), Associate Professor, email: 

kamchatka1234@rambler.ru 

Novosibirsk State Technical University, 20, Prospekt K. Marksa, Novosibirsk, 

630073, Russia 

 

Abstract. In article lightning-surge proofing of air-lines of an electricity 

transmission and substations of 110 kV and 220 kV in the region of the Far North, 

in permafrost zones, on the basis of data of JSC Tyumenenergo and in Khabarovsk 

Krai, on the basis of data of the Khabarovsk PMES is considered. For air-line 

communication of number of storm shutdowns with properties of a soil, a land 

relief, and also resistance of grounding of support is considered. The analysis of 

these factors showed that the greatest number of shutdowns of an air-line owing to 

lightningôs was on a sandy soil. In too time, the analysis of heights did not confirm 

the principle that "the lightning strikes in the highest point" as the larger number of 

shutdowns are the share of average heights. For each support, the probability of 

emergence of the inverse overlappingôs was counted and drew a conclusion on 

effectiveness of installation of the available means of protection. 

Keywords: lightning outage, resistance of support, probability of the inverse 

overlappingôs, airline, lightning-surge proofing. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʘʰʘ ʧʣʘʥʝʪʘ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʘʢ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʷ. 

ʆʩʥʘʱʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷʤʠ ʨʘʩʪʝʪ ʝʞʝʜʥʝʚʥʦ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʣʷ ʦʙʲʝʤʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʚ ʛʦʨʦʜʝ 

ʫʭʫʜʰʘʝʪʩʷ ʰʫʤʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʫʨʦʚʥʷ ʰʫʤʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʣʝʛʢʦʚʳʤ ʠ ʛʨʫʟʦʚʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʫʤ; ʙʝʟʦʧʘʩʥʦʩʪʴ; ʪʨʘʥʩʧʦʨʪ; ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ; 

ʚʨʝʜʥʳʝ ʬʘʢʪʦʨʳ. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʰʫʤʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ ʚ ʛʦʨʦʜʝ ʅʦʚʦʩʠʙʠʨʩʢʝ ʥʘ ʫʣʠʮʝ ʅʝʤʠʨʦʚʠʯʘ-

ɼʘʥʯʝʥʢʦ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 200 

ʤʝʪʨʦʚ.  

ɺ ʨʘʩʯʝʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʜʚʠʞʫʱʠʭʩʷ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʨʘʚʥʳʤʠ 40 ʢʤ/ʯ ʠ 60 ʢʤ/ʯ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ [1]. ɸ ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʫʯʘʩʪʢʫ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

ʅʘ ʜʘʥʥʦʡ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ: 

 

ʊʘʙʣʠʮʘ 1  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ 

ɺʠʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʂʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ (ʟʘ 1 ʯʘʩ), ʰʪ. 

ʃʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ 1450 

ɻʨʫʟʦʚʳʝ ʜʠʟʝʣʴʥʳʝ ʘʚʪʦʤʦʙʠʣʠ 26 

ɻʨʫʟʦʚʳʝ ʢʘʨʙʶʨʘʪʦʨʥʳʝ 

ʘʚʪʦʤʦʙʠʣʠ 
170 

 

ʉʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʦʪ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

ɼʣʷ ʤʥʦʛʦʧʦʣʦʩʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ 
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mailto:paraxin@corp.nstu.ru


 
 

153 
 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʰʫʤʘ ʚʩʝʭ ʧʦʣʦʩ . 

ʇʨʠʯʝʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʰʫʤ ʦʧʨʝʜʝʣʷʶʪ ʠʩʭʦʜʷ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ 

ʧʦʪʦʢʘ ʥʘ ʵʪʦʡ ʧʦʣʦʩʝ.  

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ y  

ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ Lʧʦʪ.ʵʢʚ.y ʧʨʠ ʜʦʧʫʱʝʥʠʷʭ, ʯʪʦ ʧʦʪʦʢ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʤ ʧʦʣʦʩʘʤ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʷʚʣʝʥʠʷ 

ʦʪʨʘʞʝʥʠʷ ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ [2]. 

 

ὒɻ ʢʚ ʫ
ʧʦʪ ρςπρπὰὫВ Ὅɻʢʚ ȟ

ʧʦʪ

ȟ
χȟυ               (1) 

 

ʛʜʝ, i - ʥʦʤʝʨ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ; m - ʯʠʩʣʦ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ; 3,75 - ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ 

ʈʘʩʩʯʠʪʘʚ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ: 

 

 
ʈʠʩ. 1. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʩʳ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

 

ʇʦ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʯʝʤ ʜʘʣʴʰʝ ʧʦʣʦʩʘ ʜʚʠʞʝʥʠʷ ʦʪ 

ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʪʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ. 

ʇʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʬʦʨʤʫʣʝ 2, ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʫʨʦʚʥʶ ʰʫʤʘ ȹL, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚ ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ 

ʜʚʠʛʘʪʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʫʨʦʚʥʝʤ ʰʫʤʘ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ȹL ʦʪ ʫʩʢʦʨʝʥʠʷ [2]: 

 

ὒʨʘʟʛὒʫʩʪȹ ,                                     (2) 

70

75

80

85

90

1 2 3 4 5 6

L
, 
ʜ
ɹ
ɸ 

ʇʦʣʦʩʘ ʜʚʠʞʝʥʠʷ 

˥͍͚ͪͯͦͦ͘ 

˶͔͎͍͚ͦͦ͟ 



 
 

154 
 

 

ʋʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 3 ʠ 4, ʧʨʠʨʦʩʪʘ ȹL ʥʘ ʨʘʟʛʦʥʝ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʡ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ  ʩʨʝʜʥʝʛʦ ʫʩʢʦʨʝʥʠʷ [1]: 

 

ȹ , ρρȟχὥ πȟτ                                    (3) 

ȹ , ρȟωὥ σȟς                                      (4) 

 

ʈʠʩʫʥʢʠ 2 ʠ 3 ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠʨʦʩʪʘ ʫʨʦʚʥʷ 

ʰʫʤʘ ȹL ʦʪ ʫʩʢʦʨʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʇʝʨʝʧʘʜʳ ʚ ʫʨʦʚʥʝ ʰʫʤʘ ʦʙʲʷʩʥʷʶʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʯʠ ʘʚʪʦʤʦʙʠʣʷ. 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʦʪ ʫʩʢʦʨʝʥʠʷ ʥʘ 

ʨʝʞʠʤʝ ʨʘʟʛʦʥʘ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʦʪ ʫʩʢʦʨʝʥʠʷ ʥʘ 

ʨʝʞʠʤʝ ʨʘʟʛʦʥʘ ʜʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 
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ʈʘʩʩʯʠʪʘʝʤ Lʫʩʪ ʧʦ ʬʦʨʤʫʣʘʤ (5) ʠ (6), ʠ ʜʘʣʝʝ ʧʨʦʩʫʤʤʠʨʫʝʤ ʩ ȹL: 

 

, ςψȟφὰὫὠρσȟσ                                      (5) 

 

, σρȟψὰὫὠςπȟτ                                      (6) 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʫʨʦʚʥʝʡ ʰʫʤʘ 

ʛʨʫʟʦʚʳʭ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ 200-ʤʝʪʨʦʚʦʤ 

ʫʯʘʩʪʢʝ ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ: 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʛʨʫʟʦʚʳʭ ʠ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ ʧʨʠ ʨʘʟʛʦʥʝ 

ʘʚʪʦʤʦʙʠʣʷ,  ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʪ 10 ʢʤ/ʯ ʜʦ 70 ʢʤ/ʯ, ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ, 

ʯʪʦ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʨʘʥʝʝ, ʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ɻʨʘʬʠʢ ʧʦʩʪʨʦʝʥ ʩ 

ʫʯʝʪʦʤ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʨʘʚʥʦʛʦ ʜʚʫʤ ʩʝʢʫʥʜʘʤ. 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ Lʨʘʟʛ ʧʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ ʜʦ ʩʢʦʨʦʩʪʠ ʦʪ 10 ʢʤ/ʯ 
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ʜʦ 70 ʢʤ/ʯ 

ʇʦ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ, Lʨʘʟʛ 
ʪʘʢʞʝ ʨʘʩʪʝʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʠ 

ʧʦʥʷʪʴ, ʯʪʦ ʯʝʤ ʜʘʣʴʰʝ ʧʦʣʦʩʘ ʜʚʠʞʝʥʠʷ ʦʪ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʪʝʤ ʥʠʞʝ 

ʫʨʦʚʝʥʴ ʰʫʤʘ. ʊʘʢʞʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʧʨʠ ʨʘʟʛʦʥʝ, ʜʣʷ ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 
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Abstract 

Relevance of this work is caused by the fact that recently our planet faced 

such big problem as automobilization.  The equipment of the population by cars 

grows daily. The share of volume of a transport cargo transportation increases. 

Owing to what, in the city the noise situation worsens. In this paper calculations of 

the noise level created by cars and cargo transport were carried out. 

For the calculation was chosen motorway in the city of Novosibirsk on the 

street Nemirovich-Danchenko, the length of the selected section of the motorway 

are 200 meters away. 

Keywords 

Noise; safety; transport; motorway; harmful factors. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʛʦʨʶʯʠʭ ʧʘʨʦʚ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʝʥ ʚʟʨʳʚ 

ʩʦʩʝʜʥʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʨʘʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; ʦʛʥʝʥʥʳʡ ʰʘʨ; 

ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ; ʦʙʲʝʤ ʟʘʧʦʣʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ; ʜʠʘʤʝʪʨ 

ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ. 

 

ʆʛʥʝʥʥʳʝ ʰʘʨʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʧʘʨʦʛʘʟʦʚʳʭ ʦʙʣʘʢʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʟʫʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʝʛʨʝʪʳʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʳ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʛʥʝʥʥʳʭ ʰʘʨʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

2000Áʉ. [2, ʩʪʨ. 8] 

ʇʦʵʪʦʤʫ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʦʛʥʝʥʥʳʡ ʰʘʨ, ʚʳʟʳʚʘʶʱʝʝ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʦʚ ʚ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʘʭ ʠʣʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʩʰʪʘʙʥʫʶ ʫʛʨʦʟʫ ʢʘʩʢʘʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʭʨʘʥʠʤʦʡ ʥʝʬʪʠ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ. 

ʇʨʠʥʠʤʘʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʥʝ ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʫʩʪʘʥʦʚʢʘʤʠ ʦʭʣʘʞʜʝʥʠʷ, ʨʘʚʥʦʡ  

q = 7,5 ʢɺʪĿʤ
-2
 [3].  

ʀʟ ʬʦʨʤʫʣʳ ɺ.1 ʧʨʠʣ. ɺ ɻʆʉʊ 12.3.047-2012, ʚʳʨʘʟʠʤ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʣʫʯʝʥʥʦʩʪʠ 
q

F  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ t: 

)1(
f

q
E

q
F =Öt  

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ q, ʧʨʠ 
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ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʨʝʟʝʨʚʫʘʨʘ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʘ ʚʝʣʠʯʠʥʫ 

ʩʨʝʜʥʝʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
f

E  ʜʦʧʫʩʢʘʝʪʩʷ 

ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʦʡ 350 ʢɺʪĿʤ
-2
, ʤʦʞʥʦ ʥʘʡʪʠ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ (1): 

0214,0
350

5,7
==Öt

q
F  

ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʠʟʚʝʜʝʥʠʝ (1), ʚʳʨʘʟʠʚ ʢʘʞʜʳʡ ʠʟ ʝʛʦ ʤʥʦʞʠʪʝʣʝʡ 

ʯʝʨʝʟ ʬʦʨʤʫʣʳ ɼ.1 ʠ ɼ.4, ʧʨʠʣ. ɼ ɻʆʉʊ 12.3.047-2012, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

)]
2

(100,7exp[
)(4

224

22

2

SS

q

D
Hr

rH

D
F -+ÖÖ-Ö

+Ö
=Ö -t (2) 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ r ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ 120 ʤ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʨʝʟʝʨʚʫʘʨʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʚʳʩʦʪʫ ʮʝʥʪʨʘ ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ H ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ ʜʠʘʤʝʪʨʫ ʦʛʥʝʥʥʦʛʦ 

ʰʘʨʘ Ds, ʘ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ (1) ʤʳ ʚʳʯʠʩʣʠʣʠ, ʪʦ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʚʳʨʘʞʝʥʠʝ (2) ʚ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʘʝʤ: 

0214,0)
2

120(107exp
)120(4

224

22

2

=ù
ú

ø
é
ê

è
-+ÖÖ-Ö

+Ö

- S

S

S

S
D

D
D

D
(3) 

ʅʘʡʜʝʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʵʪʦʛʦ 

ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y(x): 

0214,0)
2

120(107exp
)120(4

)( 224

22

2

-ù
ú

ø
é
ê

è
-+ÖÖ-Ö

+Ö
= - S

S

S

S
D

D
D

D
xy (4) 

 
ʈʠʩ.1 ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ (4) 

 

ʅʘ ʨʠʩ. 1 ʚʠʜʠʤ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x = 38,2 ʠ y=0, ʘʙʩʮʠʩʩʘ ʵʪʦʡ 

ʪʦʯʢʠ ʠ ʝʩʪʴ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3). 

ʀʟ ʬʦʨʤʫʣʳ ɼ.2 ʧʨʠʣ. ɼ [1] ʚʳʨʘʞʘʝʤ ʤʘʩʩʫ ʛʦʨʶʯʝʛʦ ʪ ʚ çʦʛʥʝʥʥʦʤ 

ʰʘʨʝè: 
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325,0

48,6

S
D

m=  (5) 

ʇʦ ʬʦʨʤʫʣʝ (5) ʥʘʭʦʜʠʤ ʤʘʩʩʫ ʛʦʨʶʯʝʛʦ ʚ ʦʛʥʝʥʥʦʤ ʰʘʨʝ: 

8,234
48,6

2,38
325,0 ==m ʢʛ 

ɿʥʘʷ ʤʘʩʩʫ ʠ ʧʣʦʪʥʦʩʪʴ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʛʦʨʝʥʠʠ 

ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ, ʣʝʛʢʦ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʠʤʠ ʚ 

ʨʝʟʝʨʚʫʘʨʝ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

r

m
V = (6) 

ʇʣʦʪʥʦʩʪʴ ʧʘʨʦʚ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ [5] ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

41,22

ʇ
M

=r (7) 

ʛʜʝ  
7,1)212(*0043,0

ʅʂʇ
tM +=  (8) 

ï ʩʨʝʜʥʷʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʘʨʦʚ ʥʝʬʪʠ ʚ 

ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʢʛ/ʤʦʣʴ; t   - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʛʦʥʢʠ ʥʝʬʪʠ, ÁC. 

9,62)70212(*0043,0 7,1 =+=
ʇ

M  

8,2
41,22

9,62
==r ʢʛ/ʤ

3
 

ʇʦ ʬʦʨʤʫʣʝ (6) ʥʘʭʦʜʠʤ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʧʘʨʘʤʠ: 

86,83
8,2

8,234
==V  ʤ

3 

ʄʝʪʦʜʦʤ ʧʨʦʧʦʨʮʠʠ ʦʧʨʝʜʝʣʷʝʤ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ 

ʧʘʨʘʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʟʥʘʷ, ʯʪʦ ʧʦʣʥʳʡ ʦʙʲʝʤ ʨʝʟʝʨʚʫʘʨʘ ʨʘʚʝʥ 3000 ʤ
3
: 

%8,2
3000

10086,83
=

Ö
=a  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʤ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʘʨʘʤʠ ʥʝʬʪʠ 

ʜʣʷ ʨʝʟʝʨʚʫʘʨʦʚ ʈɺʉ-2000 ʠ ʈɺʉ-5000, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1: 

 

ʊʘʙʣ.1  

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʘʨʘʤʠ ʥʝʬʪʠ ʜʣʷ ʈɺʉ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʦʚ 

 ʆʙʲʝʤ ʈɺʉ, 

ʤ
3 

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʘʨʘʤʠ 

,% 

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʞʠʜʢʦʡ 

ʬʘʟʳ 

2000 4,2 95,8 

3000 2,8 97,2 

5000 1,68 98,32 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʜʦʚʦʣʴʥʦ ʤʘʣʘ ï ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʭʨʘʥʝʥʠʝ ʥʝʬʪʠ ʜʦʧʫʩʪʠʤʦ ʪʦʣʴʢʦ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʩ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʢʦʡ. 

ɺʳʚʦʜ: ʜʠʘʤʝʪʨ ʦʛʥʝʥʥʦʛʦ ʰʘʨʘ ï ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ: ʤʘʩʩʫ ʛʦʨʶʯʝʛʦ ʚ ʦʛʥʝʥʥʦʤ ʰʘʨʝ; ʦʙʲʝʤ ʧʘʨʦʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ; ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʞʠʜʢʦʡ ʬʘʟʦʡ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ 

ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʦʚ. 

ʇʦʜʦʙʥʳʝ ʨʘʩʯʝʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ  ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʢʘʩʢʘʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʶʪʩʷ ʟʘʟʝʤʣʷʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ 

ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʯʝʥʴ ʚʘʞʥʦ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʇʂ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚ ʛʨʫʥʪʝ ʚ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʠ ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʟʝʤʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʪʝʥʮʠʘʣ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʘʣʛʦʨʠʪʤ, ʧʨʦʛʨʘʤʤʘ. 

 

ʋʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʈʌ ʦʩʪʘʝʪʩʷ, ʧʦʢʘ, ʦʩʪʘʝʪʩʷ  ʥʝʧʨʠʝʤʣʠʤʦ  ʚʳʩʦʢʠʤ: 

ʚ 4 ï 5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ɼʣʷ ʥʝʝ  ʭʘʨʘʢʪʝʨʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʯʠʥʳ ʪʨʘʚʤ: ʧʦʨʘʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʧʘʜʝʥʠʝ 

ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʩ ʚʳʩʦʪʳ, ʧʘʜʝʥʠʝ  ʧʨʝʜʤʝʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʥʦʩ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ 

ʠ  ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʶʪʩʷ 

ʟʘʟʝʤʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ  ʢʦʥʪʨʦʣʷ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʡʪʠ ʦʪ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʦʚ [1] ʢ ʙʦʣʝʝ ʪʦʯʥʳʤ 

ʤʝʪʦʜʘʤ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ 
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ʥʘʚʝʜʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ [2, 3 ]. 

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʇʕɺʄ, 

ʧʦʟʚʦʣʷʶʱʠʝ   ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚ ʟʝʤʣʝ ʚ ʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʘʭ  ʠ  ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʫʩʣʦʚʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɿʋ).  

ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ɿʋ ʚʢʣʶʯʘʶʪ: ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʝʢʘʥʠʶ, ʧʦʪʝʥʮʠʘʣ 

ɿʋ, ʧʦʪʝʥʮʠʘʣʳ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʠ  ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. 

 

ʇʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʫʩʪʨʦʡʩʪʚʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʟʘʟʝʤʣʠʪʝʣʝʡ, ʵʣʝʤʝʥʪʳ 

ʧʨʦʥʫʤʝʨʦʚʘʥʳ (ʨʠʩ.1).  

ɿʋ ʩʦʩʪʦʠʪ ʠʟ 8 ʵʣʝʤʝʥʪʦʚ, ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʦʵʪʦʤʫ, ʧʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʤ ʤʘʪʨʠʮʫ (1) ʠʟ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʧʠʩʘʥ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ.  

 

 

 

 

 

  

 

 

 

 

ʈʠʩ.1 ʉʭʝʤʘ 

ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʟʝʤʣʝʥʠʷ 
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             (1) 

ɻʜʝ Ŭ ï ʂʦʵʬʬ. ʉʦʙʩʪʚʝʥʥʳʭ ʠ ʚʟʘʠʤʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 
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ʇʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʫʯʠʪʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʫʤʤʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʠ 

ʨʘʚʝʥʩʪʚʦ ʠʭ ʩʫʤʤʘʨʥʦʤʫ ʪʦʢʫ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʘʝʪ ʢʘʨʪʠʥʫ 

ʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʦʙʱʝʛʦ ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʳʝ ʪʦʢʠ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʥʮʠʘʣ ʧʦʜ ʥʦʛʘʤʠ ʚ 

ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʛʜʝ ʩʪʦʠʪ ʯʝʣʦʚʝʢ. 

 

ййɸййzййὍйййй•йй 
ɻʜʝ Ὅ- ʵʪʦ ʪʦʢʠ ʩʪʝʢʘʶʱʠʝ ʚ ʟʝʤʣʶ ʩ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʟʝʤʣʠʪʝʣʷ; 

• ï ʧʦʪʝʥʮʠʘʣ ɿʋ. 

 

ʇʨʠ ʨʘʩʯʝʪʝ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠʥʠʤʘʝʤ • =1, ʜʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ R= , ʛʜʝ • ï ʧʦʪʝʥʮʠʘʣ ʟʘʟʝʤʣʠʪʝʣʷ. 

ʋʤʥʦʞʠʚ ʨʝʘʣʴʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʟʘʜʘʥ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʯʝʪʘ, ʥʘ ʧʦʣʫʯʝʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʣʫʯʠʤ •ʟʫ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ ɿʋ ʠ ʧʦʣʫʯʝʥʥʳʤ 
ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʚ ʪʦʯʢʝ ʧʦʜ ʥʦʛʘʤʠ ʯʝʣʦʚʝʢʘ ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʟʝʤʣʝʥʠʷ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ  ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft Visual C# 2015. ʗʟʳʢ ʉ# ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʢʦʥʩʪʘʥʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʧʨʦʛʨʘʤʤʳ, ʤʳ 

ʜʝʣʘʝʤ ʝʸ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʦʡ ʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʙʦʨʘʤʠ ʧʘʨʘʤʝʪʨʦʚ.  

ɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʙʣʘʛʦʜʘʨʷ ʢʣʘʩʩʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 

ʷʟʳʢʘ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʘ ï ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʪʦʯʝʢ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ. ʂʦʦʨʜʠʥʘʪʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʝʛʦ ʜʣʠʥʥʘ ʠ ʤʝʜʠʘʥʥʘʷ ʪʦʯʢʘ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʤʘʪʨʠʮʳ A. ʕʣʝʢʪʨʦʜʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʧʨʦʛʨʘʤʤʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʚʝʜʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʘ ʠ 

ʢʦʥʮʘ ʵʣʝʢʪʨʦʜʦʚ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ. ʄʘʪʨʠʮʘ A ʩʬʦʨʤʠʨʦʚʳʚʘʝʪʩʷ ʨʘʟʤʝʨʦʤ NxN, ʛʜʝ (N-1) ï ʵʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ  ʵʣʝʢʪʨʦʜʦʚ. ʉʪʦʣʙʝʮ N ʟʘʧʦʣʥʷʝʪʩʷ ʥʫʣʝʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʘ ʩʪʨʦʢʘ N ï ʝʜʠʥʠʯʥʳʤʠ. ʕʣʝʤʝʥʪ A[nn]=-1. ɼʠʘʛʦʥʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʟʘʧʦʣʥʷʶʪʩʷ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʵʣʝʢʪʨʦʜʦʚ. ɿʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʮʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʠʧʫ 

ʪʨʝʫʛʦʣʴʥʦʡ ʤʘʪʨʠʮʳ (A[ij ]=A[ji ]) ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʝʜʠʥʠʯʥʦʤʫ ʚʝʢʪʦʨʫ. ʈʝʰʝʥʠʝ 

ʤʘʪʨʠʮʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ɻʘʫʩʩʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʪʨʫʜʦʝʤʢʦʩʪʴ Ὕ ὲ†, ʛʜʝ † ï ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ 10
9 
ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʦʤ 1000x1000 ʵʣʝʤʝʥʪʦʚ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʰʝʥʠʷ ʤʘʪʨʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʨʠʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʝʸ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʪʨʠʚʠʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʳ ʠʤʝʝʤ ʥʘ ʚʳʭʦʜʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʘʥʥʳʝ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʪʝʥʮʠʘʣ ʟʝʤʣʠ ʚ ʪʦʯʢʝ, 

ʛʜʝ ʩʪʦʠʪ ʯʝʣʦʚʝʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʢʦʩʥʦʚʝʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʠʨʫʶʪʩʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ɿʋ.  

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʜʘʶʪ ʵʬʬʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʚ ʨʫʢʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʦʙʫʯʝʥʠʷ. 
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DEVELOPMENT OF AN ALGORITHM AND A PROGRAM FOR THE PC 

THAT ALLOW YOU TO EVALUATE THE GROUNDING PARAMETERS  
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Abstract 

The main means of protection in electrical installations are earthing devices, 

therefore, the quality of design and operation control of grounding devices is very 

important. The algorithm and the program for the PC were developed, which allow 

to simulate electric fields in the ground in emergency modes and to evaluate the 

parameters of the grounding devices.  

 

Keywords: Earthing device, potential, resistance, Touch voltage, algorithm,  

program. 
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ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʬʠʣʝ ʧʣʘʤʝʥʠ, ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʘʤʠ 

ʠʦʥʠʟʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜʳ  ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʣʘʤʝʥʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʰʝʥʠʝ ʧʦʞʘʨʦʚ, ʧʣʘʤʷ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʦʧʘʩʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʠʡ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʦʞʘʨʳ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʛʦʨʘʥʠʝ ʞʠʣʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʩʢʣʘʜʦʚ ï 

ʵʪʦ ʥʘʩʪʦʷʱʝʝ ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ ʜʣʷ ʛʦʨʦʜʦʚ, ʠ ʫʱʝʨʙ ʦʪ ʧʦʞʘʨʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ ʜʦʩʪʠʛʘʝʪ ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʚ ʛʦʜ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʜʦʨʦʛʠ ʠ ʟʘʯʘʩʪʫʶ 

ʥʝʵʬʬʝʢʪʠʚʥʳ. ʀʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ 

ʪʨʫʜʥʦʩʪʠ ʙʦʨʴʙʳ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʛʥʷ. ʅʦ ʚʩʝ ʞʝ 

ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʩʪʘʝʪʩʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ 

ʪʫʰʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ, ʟʘʢʣʶʯʘʶʱʠʡ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʣʘʤʷ ʩʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʝʢʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ [1]. ɼʣʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʦʣʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʧʣʘʤʝʥʠ ʠ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʛʦʨʝʥʠʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʠʤʝʥʥʦ 

ʚʳʷʩʥʝʥʠʶ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʚ 

ʧʣʘʤʝʥʠ. 

ʇʣʘʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʢʘʣʝʥʥʳʡ ʛʘʟ, ʩʦʜʝʨʞʘʱʠʡ ʧʣʘʟʤʫ ʠ/ʠʣʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʪʚʸʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʚʝʯʝʥʠʶ, 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ ʠ ʩʘʤʦʨʘʟʦʛʨʝʚʫ. 

ʇʣʘʟʤʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʠʦʥʠʟʦʚʘʥʥʳʤ ʛʘʟʦʤ. 
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ʉʫʜʠʪʴ ʦ ʪʦʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʣʘʤʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʣʘʟʤʳ, ʜʘʝʪ ʥʘʣʠʯʠʝ 

ʫ ʥʝʛʦ ʪʘʢʦʛʦ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʊʦ ʝʩʪʴ ʧʣʘʤʷ ʚʩʝʛʜʘ 

ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, ʘ ʠʭ 

ʧʦʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʦʤ ʠʦʥʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

 
ʈʠʩʫʥʦʢ 1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʤʝʥʠ 

 

ɺ ʦʙʣʘʩʪʠ ʧʨʝʜʧʣʘʤʝʥʥʳʭ ʨʝʘʢʮʠʡ (ʦʙʣʘʩʪʴ 1, ʨʠʩʫʥʦʢ 2) ʠʦʥʠʟʘʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʭʝʤʦʠʦʥʠʟʘʮʠʠ 

(ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ 

ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʧʨʦʭʦʜʷʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʠʦʥʠʟʘʮʠʠ) ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ ʤʘʣʳ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ 

ʟʦʥʝ, ʦʙʣʘʩʪʠ 2 ʥʘʠʙʦʣʴʰʝʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʛʜʝ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʘʣʝʥ, ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ Ni ʠ 

ʵʣʝʢʪʨʦʥʦʚ Nʝ.  ʇʨʠʯʝʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ Ni ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ~ 10
12

 

...10
13

 ʩʤ
-3
, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 5 - 6 ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʠʭ ʨʘʚʥʦʚʝʩʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ. ɿʘ ʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠʦʥʳ ʠ 

ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ 3, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʝʢʦʤʙʠʥʘʮʠʷ. ʅʘ 

ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʧʣʘʤʝʥʠ (ʦʙʣʘʩʪʴ 4), ʦʙʣʘʩʪʠ ʜʦʛʦʨʘʥʠʷ, ʟʥʘʯʝʥʠʷ Nʝ ʠ Ni 

ʩʪʨʝʤʷʪʩʷ ʢ ʩʚʦʠʤ ʨʘʚʥʦʚʝʩʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʆʜʥʦʟʥʘʯʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʤʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʚʠʞʥʦʩʪʴ ʣʝʛʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʪʷʞʝʣʳʭ ʠʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʣʘʤʝʥʠ 

ʚʦʟʥʠʢʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʤʥʳʝ ʟʘʨʷʜʳ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʥʝʥʠʷ 

ʘʚʪʦʨʦʚ ʧʦ ʧʦʚʦʜʫ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʚ ʧʣʘʤʝʥʠ. ʊʘʢ 

ʉʪʝʧʘʥʦʚ ʚ ʩʚʦʝʤ ʪʨʫʜʝ çʀʦʥʠʟʘʮʠʷ ʚ ʧʣʘʤʝʥʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝè [2] 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʟʦʥʘ ʨʝʘʢʮʠʠ ʠ ʥʘʨʫʞʥʳʡ ʢʦʥʫʩ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʫʩ ð 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ɺ ʫʯʝʙʥʠʢʝ ɸʨʭʠʧʦʚʘ [3] ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʘʷ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʫʩʝ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚ 

ʥʘʨʫʞʥʦʤ. 

ʇʦʵʪʦʤʫ  ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʣʘʤʝʥʠ. ɺ ʨʘʤʢʘʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʧʦʣʷ ʥʘ ʧʣʘʤʷ ʵʪʦ ʦʢʘʟʘʣʦʩʴ 

ʥʝʦʙʭʦʜʠʤʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʟʫʯʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝʪ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ. 

ʉʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʦʩʣʝʜʠʪʴ ʟʘ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʠ ʩʚʦʡʩʪʚ ʧʣʘʤʝʥʠ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʚ ʝʛʦ ʨʘʟʣʠʯʥʳʝ 

ʟʦʥʳ ʟʘʨʷʞʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ; ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʚ ʧʣʘʤʝʥʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʩʚʝʯʠ ʤʝʞʜʫ ʥʠʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʩʝʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʩʚʝʯʠ. ɺʩʷ ʫʩʪʘʥʦʚʢʘ ʧʦʤʝʱʝʥʘ ʚ ʢʦʨʧʫʩ 

ʠʟ ʦʨʛʩʪʝʢʣʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʧʣʘʤʷ ʧʦʩʪʦʨʦʥʥʠʭ ʚʦʟʜʫʰʥʳʭ 

ʧʦʪʦʢʦʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʳ ʜʚʘ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 2): ʚ 

ʧʝʨʚʦʤ ʵʣʝʢʪʨʦʜ ʜʚʘʞʜʳ ʧʦʜʚʦʜʠʣʩʷ ʢ ʛʨʘʥʠʮʝ ʧʣʘʤʝʥʠ - ʢ ʝʛʦ ʦʩʥʦʚʘʥʠʶ ʠ ʢ 

ʩʝʨʝʜʠʥʝ; ʚʦ ʚʪʦʨʦʤ - ʵʣʝʢʪʨʦʜ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʣʘʤʷ ʪʘʢʞʝ ʥʘ ʵʪʠʭ ʫʨʦʚʥʷʭ. 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʧʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1) ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ï ʩʪʝʨʞʝʥʴ ʧʦʜʚʝʜʝʥ ʢ ʛʨʘʥʠʮʝ; 

2)  ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʚʚʝʜʝʥ ʚ ʧʣʘʤ ̫

ʘ ï ʩʝʨʝʜʠʥʘ ʧʣʘʤʝʥʠ; ʙ ï ʦʩʥʦʚʘʥʠʝ ʧʣʘʤʝʥʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʵʣʝʢʪʨʦʜʘ ʫ ʛʨʘʥʠʮʳ ʧʣʘʤʝʥʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʞʝ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʦʨʷʜʢʘ 1 ʢɺ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

çʚʳʝʤʢʘè, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʚʝʨʞʜʘʪʴ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦ ʚʥʝʰʥʝʤ 

ʢʦʥʫʩʝ ʧʣʘʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʝʥʦ ʪʦ, ʯʪʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʦʙʪʝʢʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʤʝʥʠ ʵʣʝʢʪʨʦʜʘ ï ʦʩʪʨʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʧʦʜʚʝʜʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢ ʧʣʘʤʝʥʠ ʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠʢʘʢʠʭ ʷʚʣʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʚʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʧʣʘʤʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ. ʆʙʲʷʩʥʠʪʴ ʵʪʦ ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʧʣʘʤʝʥʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʦʜʘ ʫʭʫʜʰʘʝʪ 

ʪʝʧʣʦʦʙʤʝʥ ʩʦ ʩʚʝʞʝʡ ʠʩʧʘʨʷʶʱʝʡʩʷ ʛʦʨʶʯʝʡ ʩʤʝʩʴʶ, ʨʘʟʚʠʪʠʝ ʛʦʨʝʥʠʷ 

ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʝʥʠʷ. ʊʦ ʝʩʪʴ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʢʘʢʦʡ ʟʘʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ ʧʣʘʤʝʥʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

 ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 1ʘ ʠ 1ʙ, ʘ ʪʘʢʞʝ ʚ 2ʘ ʠ 2ʙ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʛʦ ʚʝʪʨʘ ʧʣʘʤʷ ʦʪʢʣʦʥʷʣʦʩʴ ʪʘʢ, ʯʪʦ 

ʵʣʝʢʪʨʦʜ ʚʥʦʚʴ ʦʢʘʟʳʚʘʣʩʷ ʫ ʝʛʦ ʛʨʘʥʠʮʳ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʵʬʬʝʢʪ 

çʚʳʨʳʚʘʥʠʷè ʧʣʘʤʝʥʠ ʵʣʝʢʪʨʦʜʦʤ, ʯʪʦ ʦʞʠʜʘʣʦʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 1ʘ,ʙ, ʝʩʣʠ 

ʚʝʨʥʘ ʪʝʦʨʠʷ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʫʩʝ.  

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʙʦʣʴʰʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʣʝʢʪʨʦʥʳ, ʧʨʝʦʜʦʣʝʚʘʷ ʙʘʨʴʝʨ ʠʟ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʫʩʪʨʝʤʣʷʶʪʩʷ ʢ ʘʥʦʜʫ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʫʥʦʩ ʠʟ ʟʦʥʳ 

ʛʦʨʝʥʠʷ. 
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STUDY OF IONS AND ELECTRONS DISTRIBUTION IN A FLAME 
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Today there is a fundamentally new method of extinguish open flames 

consists in impact on a flame of strong electric able to stop the burning process. It 

needs to have a more complete picture of the flame properties and processes 

occurring during combustion to use this method more effectively. One of such 

properties is uneven distribution of free ions and electrons in a flame: that is positive 

and negative charges hold certain positions in a flame profile. This work is devoted 

to explanation how the space charges distribute. 

The research has been performed experimentally. As a result of the 

experiment the following conclusions have been done: the zone of reaction and an 

external cone are characterized by mainly positive charge, and an internal cone - by 

negative charge. 

Keywords: firefighting, flame, positive and negative charges, charge 

distribution.  
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʚʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘ 

ʧʘʩʩʠʚʥʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʠ, ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʦʜʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢ-ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ (50 ɻʮ) ʠ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ; ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ; ʘʢʪʠʚʥʘʷ ʟʘʱʠʪʘ; 

ʙʝʟʦʧʘʩʥʦʩʪʴ; ʵʢʨʘʥʠʨʦʚʘʥʠʝ. 

 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʟʘʱʠʪʳ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. 

ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʨʘʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ [1].  

ʊʘʙʣʠʮʘ 

ʄʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ 

ʅʘʟʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, Õ , ʦ.ʝ. 

ʄʶʤʝʪʘʣʣ  19000 

79ʅʄ (ʧʝʨʤʘʣʣʦʡ) 25000 

49 KF2VI (ʩʪʘʣʴ) 8000 

 

ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʘʢʪʠʚʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʄʇ, 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʧʦʩʦʙʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʪʦʢʘ 

ʚ ʢʘʪʫʰʢʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʥʝʰʥʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʜʘʪʯʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʩʣʫʞʠʪ ʧʨʠʸʤʥʘʷ ʤʘʛʥʠʪʥʘʷ ʘʥʪʝʥʥʘ 
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(ʢʘʪʫʰʢʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ 2600 ʚʠʪʢʦʚ ʤʝʜʥʦʛʦ ʵʤʘʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʦʜʘ 

ʜʠʘʤʝʪʨʦʤ 0,1 ʤʤ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʨʘʚʥʷʝʪʩʷ 20 ʤʤ). 

ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʡ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʅʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʝʤ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʦʧʘʜʘʝʪ ʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʛʜʝ ʩʠʛʥʘʣ ʠʟ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ. 

ʆʙʨʘʙʦʪʘʚ ʝʛʦ, ʧʦʩʪʫʧʘʝʪ ʢʦʤʘʥʜʘ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʣʝ ʯʝʛʦ ʠʟ ʥʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʩʤʝʱʘʝʪʩʷ ʬʘʟʘ ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʠʚʦʬʘʟʳ. ʕʪʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʬʘʟʦʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ 

ʩʨʘʚʥʠʚʘʝʪ ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ʜʚʫʭ ʩʠʛʥʘʣʦʚ. ʕʪʦʪ ʦʪʚʝʪʥʳʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ 

ʢʘʪʫʰʢʫ, ʢʦʪʦʨʘʷ ʠ ʩʦʟʜʘʝʪ ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ  ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 

 

ʄɸ - ʧʨʠʸʤʥʘʷ ʤʘʛʥʠʪʥʘʷ ʘʥʪʝʥʥʘ 

AC-DC - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʝ 

ʋʄɸ - ʫʩʠʣʠʪʝʣʴ ʤʘʛʥʠʪʥʦʡ ʘʥʪʝʥʥʳ 

ʄʂ - ʫʧʨʘʚʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʌɸ - ʬʘʟʦʤʝʪʨ (ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʩʜʚʠʛʘ ʬʘʟ) 

ʋʉ - ʫʩʠʣʠʪʝʣʴ ʩʠʛʥʘʣʘ 

ʀʇ - ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

DC-DC - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

DC-AC - ʠʥʚʝʨʪʦʨ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ) 

ʌʉɼ - ʫʩʪʨʦʡʩʪʚʦ, ʩʦʟʜʘʶʱʝʝ ʩʜʚʠʛ ʬʘʟʳ 

ʀʄʇ - ʠʩʪʦʯʥʠʢ ʦʪʚʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʊʘʢ ʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2). ɼʘʪʯʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʩʣʫʞʠʪ 

ʙʠʧʦʣʷʨʥʳʡ ʜʘʪʯʠʢ ʍʦʣʣʘ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʦʩʪʫʧʘʝʪ ʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʉ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʢʦʤʘʥʜʘ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʫʞʥʦʛʦ ʟʥʘʢʘ, 
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ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʢʘʪʫʰʢʫ, ʢʦʪʦʨʘʷ ʠ ʩʦʟʜʘʝʪ ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

 
ʈʠʩ. 2.  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

 

ɼʍ -ʜʘʪʯʠʢ ʍʦʣʣʘ 

ʄʂ - ʫʧʨʘʚʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʋʉ - ʫʩʠʣʠʪʝʣʴ ʩʠʛʥʘʣʘ 

ʀʇ - ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

DC-DC - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʇʅ - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʚʫʭʧʦʣʷʨʥʦʝ 

ʀʄʇ - ʠʩʪʦʯʥʠʢ ʦʪʚʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʨʠʸʤʥʘʷ ʤʘʛʥʠʪʥʘʷ ʘʥʪʝʥʥʘ, 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʝ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ 

ʢʘʪʫʰʢʘ, ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʯʘʩʪʦʪʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘʤʧʝʨʤʝʪʨʘ, ʚʦʣʴʪʤʝʪʨʘ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

 

ɺʳʚʦʜ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʧʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʩʪʘʥʫʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ.    

ɼʘʣʴʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ  ʘʢʪʠʚʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ . 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

// URL: http://www.fsk-ees.ru/upload/docs/56947007-29.240.044-2010.pdf (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 10.03.2017 ʛ.) 
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Abstract 

The problem of ensuring human safety in the conditions production and non-

production effects of electromagnetic fields is actual because of their possibility 

adverse influence on human health. The use of protection methods focused on 

passive shielding is not always appropriate. This paper presents functional block 

diagrams of active protection devices against variable magnetic fields of industrial 

frequency and constant magnetic fields. 

Keywords: magnetic field; ways of protection; active protection; safety; 

shielding. 
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 ɸʥʥʦʪʘʮʠʷ  

 ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʳ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠʥʦʛʜʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʢʦʨʨʦʟʠʠ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ ʫʛʨʦʞʘʝʪ  ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ  ʧʝʨʩʦʥʘʣʘ.  ɼʣʷ ʦʮʝʥʢʠ  ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʟʘʧʣʘʥʠʨʦʚʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʦʙʨʘʟʮʦʚ   ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʧʦʨʘ; ʢʦʨʨʦʟʠʷ; ʟʘʱʠʪʥʳʡ ʩʣʦʡ 

ʙʝʪʦʥʘ; ʜʝʬʝʢʪ; ʪʨʝʱʠʥʘ. 

  

 ɺʚʝʜʝʥʠʝ 

 ʈʘʙʦʪʳ ʥʘ ʦʧʦʨʘʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦ ʩʣʦʞʥʳʤʠ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʨʘʙʦʪʘ 

ʩʚʷʟʘʥʘ ʩ ʧʦʜʲʝʤʦʤ ʥʘ ʦʧʦʨʳ ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ, ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʤʝʥʷʶʪʩʷ 

ʝʞʝʜʥʝʚʥʦ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʜʝʥʴ. ɺ ʷʥʚʘʨʝ 2017 ʛʦʜʘ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʜʝʤʦʥʪʘʞʫ ʧʨʦʚʦʜʦʚ ʩ ʦʧʦʨʳ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 

ʦʩʥʦʚʘʥʠʝ ʦʧʦʨʳ ʨʘʟʨʫʰʠʣʦʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʣʝʢʪʨʦʤʦʥʪʝʨ ʫʧʘʣ ʥʘ 

ʟʝʤʣʶ ʠ ʧʦʛʠʙ [1]. ʕʪʦʪ ʠ ʧʦʜʦʙʥʳʝ ʩʣʫʯʘʠ ʧʘʜʝʥʠʷ ʦʧʦʨ ɺʃʕʇ ʩ 

ʵʣʝʢʪʨʦʤʦʥʪʝʨʘʤʠ ʚʝʜʫʱʠʤʠ ʨʘʙʦʪʳ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʥʝʩʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. 

 ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ɿʘʧʣʘʥʠʨʦʚʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ  ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʙʨʘʟʮʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʤʘʨʢʘ ʘʨʤʘʪʫʨʳ ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʥʷʪʳ ʩ ʫʯʝʪʦʤ ʯʝʨʪʝʞʝʡ   

ʦʧʦʨʳ  ʉɺ 105-3,6 [2]. 

 ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ: 

1.  ʄʝʪʦʜʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

2.  ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʪʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʤʦʞʝʪ ʫʩʢʦʨʷʪʴʩʷ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʟʤʝʨʝ ʦʥʠ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʢʦʨʨʦʟʠʦʥʥʳʡ ʨʝʞʠʤ ʘʨʤʘʪʫʨʳ ʠ ʧʨʠʚʦʜʠʪʴ ʢ  

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʦ ʵʪʦʛʦ ʥʘʭʦʜʠʣʘʩʴ ʚ ʙʝʪʦʥʝ  ʚ 

ʧʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʱʠʥʳ ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʦʰʠʙʦʢ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʨʘʟʛʨʫʟʢʠ, ʤʦʥʪʘʞʘ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʥʘʛʨʫʟʦʢ. ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʫʩʢʦʨʝʥʠʶ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ,  ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʩʤʝʱʝʥʠʝ ʘʨʤʘʪʫʨʳ ʚ 

ʠʟʜʝʣʠʠ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʤʦʞʝʪ ʷʚʠʪʴʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʠʣʠ, ʜʘʞʝ, ʚʳʭʦʜ ʘʨʤʘʪʫʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʦʡʢʠ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʦʧʦʨ ʥʘ ʠʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʧʘʨʪʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʝʬʝʢʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʘʨʤʘʪʫʨʳ, ʫʤʝʥʴʰʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ, ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ.   

ʇʝʨʝʯʝʥʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʅʘʣʠʯʠʝ ʢʦʨʨʦʟʠʠ ʠ ʪʨʝʱʠʥ ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

ʧʨʠ ʫʨʦʚʥʝ  

ʜʝʬʝʢʪʥʦʩʪʠ, ʰʪ 

ʄʝʪʦʜ  ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ 

ɺ 

ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 

ɺ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ 

ʦʙʨʘʟʮʝ  

max 

1/3  

max 

ʙʝʟ 

ʜʝʬʝʢʪʦʚ 

ʅʝʪ ɽʩʪʴ 4 4  

 

3 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ; 

ʪʨʝʱʠʥ ʥʝʪ; ɽʩʪʴ 

(ʢʦʨʨʦʟʠʷ) 
ʅʝʪ 3 3 

ɽʩʪʴ 

(ʪʨʝʱʠʥʳ 

ʚ ʙʝʪʦʥʝ) 

ʅʝʪ 3 3 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ; 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ; 

ʩ ʧʦʧʝʨʝʯʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ ; 

 ɼʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʘʨʤʘʪʫʨʳ ʥʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʦʙʨʘʟʝʮ ʥʘʜʝʚʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʦʤʫʪ. ʄʝʞʜʫ ʭʦʤʫʪʦʤ ʠ 

ʘʨʤʘʪʫʨʦʡ ʦʙʨʘʟʮʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʩ ʮʝʣʴʶ ʚʳʟʚʘʪʴ ʢʦʨʨʦʟʠʶ 

ʘʨʤʘʪʫʨʳ.  

 ʅʘʣʠʯʠʝ ʢʦʨʨʦʟʠʠ ʜʦʣʞʥʦ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʘʨʤʘʪʫʨʳ ʠ ʝʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [3]. 

ʆʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʩʦʙʨʘʥʥʦʛʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʭʦʞ ʩ ʟʘʨʫʙʝʞʥʳʤ ʧʨʠʙʦʨʦʤ LPRU 

ʢʦʤʧʘʥʠʠ TestConsult, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʧʦʨ ʃʕʇ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʦʨʳ ʚ ʛʨʫʥʪʝ. ʘ 

ʪʘʢʞʝ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʙʝʪʦʥʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. ʇʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ ʤʤ/ʛʦʜ. ʇʨʠʙʦʨ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ 

ʣʠʥʝʡʥʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 
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ʢʦʥʪʨʦʣʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʛʨʫʥʪʝ [5]. ʕʪʦ 

ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʘʪʫʨʳ ʚʘʞʥʦ ʚʳʷʚʠʪʴ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʧʳʪʘʥʠʷʭ. 

 ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʜʦʣʞʥʳ  ʚʳʟʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʮʝ, ʘ ʧʨʠ ʙʦʣʴʰʝʤ 

ʧʨʦʧʫʱʝʥʥʦʤ ʟʘʨʷʜʝ ʠ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ.  

 ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʨʦʣʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ: ʥʘʣʠʯʠʝ 

ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ,  ʠʟʛʦʪʦʚʣʝʥʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʦʙʨʘʟʮʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʤʘʪʫʨʳ, ʠʤʝʶʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʳʝ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠʷ.  

 

 
ʈʠʩ. 1. ʇʦʜʛʦʪʦʚʢʘ ʘʨʤʘʪʫʨʳ. ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʨʘʟʨʫʰʝʥʠʡ ʘʨʤʘʪʫʨʳ 

 

 ʅʘʣʠʯʠʝ ʪʨʝʱʠʥ ʚ ʟʘʱʠʪʥʦʤ ʩʣʦʝ ʙʝʪʦʥʘ  ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʝʩʪʝʨʘ ʋʂ1401. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʠ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʨʦʟʚʫʯʠʚʘʥʠʠ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʙʘʟʝ ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ.  

 ʋɿ ʪʝʩʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʡ ʚ 

ʧʣʘʩʪʤʘʩʩʦʚʦʤ ʢʦʨʧʫʩʝ, ʥʘ ʙʦʢʦʚʦʡ ʩʪʦʨʦʥʝ ʢʦʪʦʨʦʛʦ ʞʝʩʪʢʦ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʜʘʶʱʠʡ  ʠ ʧʨʠʝʤʥʳʡ. 
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ʈʠʩ. 2. ʋɿ ʪʝʩʪʝʨ ʋʂ1401 

 

 ɺ ʢʦʨʧʫʩ ʪʝʩʪʝʨʘ ʚʩʪʨʦʝʥʳ ʜʚʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʩʫʭʠʤ ʪʦʯʝʯʥʳʤ 

ʢʦʥʪʘʢʪʦʤ, ʯʪʦ ʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʞʠʜʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʠ 

ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʜʣʠʪʝʣʴʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

[4]. 

 ɺ ʩʣʫʯʘʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʳʪʳʚʘʝʤʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʤʦʞʥʦ ʙʫʜʝʪ ʧʝʨʝʡʪʠ ʢ ʠʭ ʧʨʦʚʝʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ  ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠʟ-ʟʘ 

ʧʘʜʝʥʠʷ ʦʧʦʨ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʚʳʷʚʣʝʥʠʶ ʜʝʬʝʢʪʥʳʭ ʦʧʦʨ. 
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ʋʨʘʣ". [http://vedomosti-ural.ru/news/55775/] 
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Abstract 

Reinforced concrete poles of power lines are corroded sometimes. This causes 

economic damage and threatens the safety of service personnel. The laboratory 

experiment using samples with artificial defects is planned for evaluate the various 

methods of diagnosing reinforced concrete poles. 

Keywords: concrete poles; corrosion; protective layer of concrete; defect; 

crack. 

  



 
 

178 
 

ʕʂʆʃʆɻʀʗ, ʇʈʀʈʆɼʆʇʆʃʔɿʆɺɸʅʀɽ, ɿɸʑʀʊɸ 

ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

 
ʋɼʂ 542.943 

 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂɸʗ ʆʏʀʉʊʂɸ ʉʊʆʏʅʓʍ ɺʆɼ 

ɿɸɻʈʗɿʅɽʅʅʓʍ ʌɽʅʆʃʆʄ. ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸ ʄʆɼɽʃʔʅʓʍ 

ʈɸʉʊɺʆʈɸʍ 

 

ɹʣʠʥʦʚʘ ʄ.ʀ.
1
, ʙʘʢʘʣʘʚʨ; ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ʖ.

1
ʢ.ʭ.ʥ., 

ɹʦʣʪʝʥʢʦʚ ɺ.ɺ. 
2
, ʘʩʧʠʨʘʥʪ. 

1 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)005-48-19 
2 
ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 630090, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 5 

ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ʖ.,e-mail: viktoral48@yandex.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɸʣʝʢʩʘʥʜʨʦʚ ɺʠʢʪʦʨ ʖʨʴʝʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)005-48-19 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ) ʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʘ ʩ ʮʝʣʴʶ 

ʦʯʠʩʪʢʠ ʦʪ ʵʪʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʥʦʣ, ʧʨʦʜʫʢʪʳ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʦʜ 

 

1.ɺʚʝʜʝʥʠʝ 

ɿʥʘʯʠʤʦʡ ʧʨʦʙʣʝʤʦʡ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʬʝʥʦʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ 

ʦʨʛʘʥʠʟʤʳ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ  ʞʝʩʪʢʠʝ ʟʥʘʯʝʥʠʷ ʇɼʂ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʵʪʦʛʦ 

ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʚʦʜʘʭ, ʢʘʢ   ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ, ʪʘʢ ʠ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ -  0,001 ʤʛ/ʣ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʜʦʝʤʳ ʩʦ ʩʪʦʯʥʳʤʠ 

ʚʦʜʘʤʠ ʥʝʬʪʝ- ʠ ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʭ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ, 

ʩʣʘʥʮʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʫʛʦʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʬʝʥʦʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʦʯʠʩʪʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʬʝʥʦʣʦʚ, ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʨʝʰʝʥʥʦʡ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ  

ʧʦ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʬʝʥʦʣʦʤ, ʜʦ ʥʦʨʤʘʪʠʚʦʚ ʦʪʚʝʜʝʥʠʷ ʥʘ 
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ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʤʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ.  ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ  ʧʣʘʪʝʞʠ ʟʘ ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʩʙʨʦʩʘ ʚ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ, ʣʠʙʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʢʘʥʘʣʠʟʘʮʠʦʥʥʫʶ ʩʝʪʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʅʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩ ʜʦʙʘʚʢʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʝʥʦʣʘ, ʚʳʷʩʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ: ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ,  ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʯʠʩʪʢʠ ʚʦʜ ʦʪ ʬʝʥʦʣʘ. 

ʍʠʤʠʟʤ ʧʨʦʮʝʩʩʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʘ. 

ɾʠʜʢʦʬʘʟʥʦʝ ʦʢʠʩʣʝʥʠʝ ʬʝʥʦʣʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʧʠʨʪʘ ʚ ʥʘʙʦʨ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʦʤʠʥʠʨʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ʅʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʘʟʨʳʚʦʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʘ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨ- ʠ ʦ- ʛʠʜʨʦʭʠʥʦʥʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ  ʨ- ʠ ʦ- ʙʝʥʟʦʭʠʥʦʥʳ.  ʇʦʩʣʝʜʫʶʱʘʷ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʫʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʳʚʦʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪ: ʤʘʣʝʠʥʦʚʦʡ; ʫʢʩʫʩʥʦʡ; ʱʘʚʝʣʝʚʦʡ, ʢʦʪʦʨʳʝ 

ʜʦʦʢʠʩʣʷʶʪʩʷ ʜʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʨʦʜʫʢʪʦʚ - ʉʆ2 ʠ ʚʦʜʳ [2]. ʉʭʝʤʘ 

ʨʝʘʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʘ  

ʅʘʟʚʘʥʥʳʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ  

ʘ) ʭʠʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʚʘʨʠʘʮʠʷ ʩʠʣʳ ʦʢʠʩʣʠʪʝʣʝʡ, ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ; 

ʙ) ʬʠʟʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: 
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-ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʋʌ-ʠʟʣʫʯʝʥʠʝ [4]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʦʯʠʩʪʢʫ ʟʘʛʨʷʟʥʝʥʥʳʭ ʬʝʥʦʣʦʤ ʚʦʜ. 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʦ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʦ 

ʩʦʯʝʪʘʥʥʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʝʥʦʣ ʩʣʝʜʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʪʘʙʣ. 1): 

 

ʊʘʙʣʠʮʘ 1 - ʌʘʢʪʦʨʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʝʥʦʣ ʚ ʢʘʞʜʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʅʦʤʝʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʌʘʢʪʦʨʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʝʥʦʣ 

ˉ1 ʅ2ʆ2;  MnO2; ʋʌ-ʠʟʣʫʯʝʥʠʝ 

ˉ2 ʅ2ʆ2; KMnO4; ʋʌ-ʠʟʣʫʯʝʥʠʝ 

ˉ3 ʅ2ʆ2; H2CrO4; ʋʌ-ʠʟʣʫʯʝʥʠʝ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʪʠʚʦʚ: 

ʌʝʥʦʣ - ɻʆʉʊ 23519-93. ʌʝʥʦʣ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʅ2ʆ2 - ʤʝʜʠʮʠʥʩʢʠʡ ʧʨʝʧʘʨʘʪ, ʢʦʥʮʝʥʪʨʘʮʠʷ 3%; 

MnO 2 ï ɻʆʉʊ 25823-83. ʄʘʨʛʘʥʮʘ ʜʚʫʦʢʠʩʴ 

KMnO 4 ï ʤʝʜʠʮʠʥʩʢʠʡ ʧʨʝʧʘʨʘʪ; 

H2CrO 4 ï ʠʟ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ɻʆʉʊ 2548-77, 

 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 0,25 ʛ ʬʝʥʦʣʘ ʢ 50 ʤʣ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʘ ʩʦʩʪʘʚʣʷʣʦ           

53,2 ʤʤʦʣʴ/ʣ, ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 4,1 ʛ/ʣ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʉʦʨʛ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʟʘʪʦʨ Multi N/C 2100S (Analytik Jena AG, ɻʝʨʤʘʥʠʷ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ C ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʜʝʣʠʚʰʝʛʦʩʷ 

ʉʆ2 ʧʦʩʣʝ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʙʳ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʚ 

ʪʦʢʝ O2 (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 160 ʤʣ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ Pt, ʥʘʥʝʩʝʥʥʘʷ ʥʘ Al 2O3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ C ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʉʆ2 ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʙʳ 10% ʨʘʩʪʚʦʨʦʤ H3PO4. ʉʦʜʝʨʞʘʥʠʝ ʉʆ2 ʚ ʧʦʪʦʢʝ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʥʝ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʀʂ-ʠʟʣʫʯʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ C ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʘʟʥʠʮʝ ʢʦʣʠʯʝʩʪʚ ʦʙʱʝʛʦ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʉ. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ < 5%. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ( ʨ- ʠ ʦ- 

ʛʠʜʨʦʭʠʥʦʥʳ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʄʠʣʠʭʨʦʤ-ɸ02è (ʈʦʩʩʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʋʌ-
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ʜʝʪʝʢʪʦʨʦʤ, ʢʦʣʦʥʢʦʡ ʢʦʣʦʥʢʘ ProntoSIL-C18 2ʭ78 ʤʤ, ʧʨʠ ʠʟʦʢʨʘʪʠʯʝʩʢʦʤ 

ʵʣʶʠʨʦʚʘʥʠʠ 0,05 ʄ ʨʘʩʪʚʦʨʦʤ ɸʩNH4 (ʘʮʝʪʘʪ ʘʤʤʦʥʠʷ) ʚ ʚʦʜʝ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʣʦʥʢʠ 35Áʉ, ʨʝʛʠʩʪʨʠʨʫʷ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 210 ʥʤ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʥʦʣʘ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ (ʍ) ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 

ʍi (%)= (53,2 ï ʉi)*100 / 53,2                                      (1) 

ʛʜʝ: 

ʍi (%) ï ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʥʦʣʘ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʚ i ïʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ; 

ʉi (ʤʤʦʣʴ/ʣ) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣ i ïʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

53,2 ʤʤʦʣʴ/ʣ ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʘ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ; 

 

ɼʦʣʶ ʬʝʥʦʣʘ, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʬʦʨʤʫ (ɓ), ʪʦ ʝʩʪʴ 

ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʦʛʦ ʜʦ ʉʆ2 ʠ ʅ2ʆ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

ɓi (%) = (4,1 ï ʉi ʦʨʛ.)* 100/ 4,1                                  (2) 

ʛʜʝ: 

ɓi (%) ʜʦʣʷ ʬʝʥʦʣʘ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʦʛʦ ʜʦ ʉʆ2 ʠ ʅ2ʆ ʚ i ï ʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ; 

4,1 (ʛ/ʣ) ï ʠʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ; 

Ci ʦʨʛ. (ʛ/ʣ) ï ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ i ï ʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 - ɺʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʡ: ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʉʦʨʛ,; 

ʬʝʥʦʣʘ, ʨ- ʠ ʦ- ʛʠʜʨʦʭʠʥʦʥʦʚ, ʧʦʩʣʝ  ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʥʦʣʘ ʚ ʨʘʟʣʠʯʥʳʝ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ 

ʍi (%) , ʜʦʣʠ ʬʝʥʦʣʘ,  ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʦʛʦ ʜʦ ʉʆ2 ʠ ʅ2ʆ; ɓi (%); 

 
ʅʦʤʝʨ 

ʢɻʩʧʝʨʠʤʝʥʪʘ 

ʉʦʨʛ, 

ʛ/ʣ 

ʌʝʥʦʣ, 

ʤʤʦʣʴ/ʣ 

ʨ-

ʛʠʜʨʦʭʠʥʦʥ 

ʤʤʦʣʴ/ʣ 

ʦ-

ʛʠʜʨʦʭʠʥʦʥ, 

ʤʤʦʣʴ/ʣ 

ʍi(%)  

ʉʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ 

ʬʝʥʦʣʘ ʚ 

ʨʘʟʣʠʯʥʳʝ 

ʦʢʠʩʣʝʥʥʳʝ 

ʬʦʨʤʳ 

ɓi (%) ï ʜʦʣʷ 

ʬʝʥʦʣʘ 

ʧʦʣʥʦʩʪʴʶ 

ʦʢʠʩʣʝʥʥʦʛʦ 

ʜʦ ʉʆ2 ʠ ʅ2ʆ 

ˉ1 4,5*) 3,38 0,33 4,41 93,6 0 

ˉ2 3,1 30,11 1,82 3,28 43,4 24 

ˉ3 3,6 27,92 16,57 4,95 47,5 12 

 

*) ʨʘʩʭʦʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʉʦʨʛ. = 4,5 ʛ/ʣ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ, 

ʠʟ ʢʦʣʠʯʝʩʪʚʘ, ʚʝʜʝʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨ ʬʝʥʦʣʘ 4,1 ʛ/ʣ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʦʘʪ ʥʘʪʨʠʷ), ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʙʫʜʝʪ 
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ʦʢʠʩʣʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.1. ʆʪʤʝʯʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 2 ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ: 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ1, ʧʝʨʦʢʩʠʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʬʝʥʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʙʫʨʥʦʤ ʚʳʜʝʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʥʘ ʜʠʦʢʩʠʜʝ ʤʘʨʛʘʥʮʘ [3], ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʋʌ-

ʠʟʣʫʯʝʥʠʷ.  ʇʨʠ ʵʪʦʤ, ʚʝʩʴ ʬʝʥʦʣ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʜʦ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʨʝʘʢʮʠʷ ʥʝ ʜʦʭʦʜʠʪ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ2, ʬʝʥʦʣ ʦʢʠʩʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʢʘʣʠʷ ʧʝʨʤʘʥʛʘʥʘʪʘ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʋʌ-

ʠʟʣʫʯʝʥʠʷ. ʇʦʤʠʤʦ ʥʝʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ ʦ- ʠ ʨ- ʙʝʥʟʦʭʠʥʦʥʦʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʦʢʦʣʦ 43,4% ʬʝʥʦʣʘ), ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʜʦʣʷ (24%) 

ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʉʆ2 ʠ ʚʦʜʳ, ʘ ʛʠʜʨʦʭʠʥʦʥʳ ʧʨʦʷʚʣʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ3, ʬʝʥʦʣ ʦʢʠʩʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʭʨʦʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʋʌ-

ʠʟʣʫʯʝʥʠʷ. ʇʦʤʠʤʦ ʥʝʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ ʦ- ʠ ʨ-ʙʝʥʟʦʭʠʥʦʥʦʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (47,5% ʬʝʥʦʣʘ), ʧʨʦʷʚʣʷʶʪʩʷ         ʧ-ʛʠʜʨʦʭʠʥʦʥ (16,57 

%),  ʘ ʪʘʢ ʞʝ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (12%). 

 

ɺʳʚʦʜʳ 

1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʥʦʣʘ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ, ʧʦʜ 
ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʟʘʚʠʩʠʪ 

ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʚ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ (24%) ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  ʅ2ʆ2; 

KMnO4; ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʝʤ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʥʘ ʦʢʩʠʜʝ ʤʘʨʛʘʥʮʘ, ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʘ 

ʥʝ ʚʳʷʚʣʝʥʳ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʅ2ʆ2; H2CrO4; ʋʌ-ʠʟʣʫʯʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʥʝ ʚʳʰʝ 

12%. 

2. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʢʠʩʣʝʥʠʝ ʬʝʥʦʣʘ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦ- 

ʠ ʨ- ʛʠʜʨʦʢʩʠʭʠʥʦʥʘʭ, ʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʜʦʭʦʜʠʪ ʜʦ ʙʦʣʝʝ 

ʦʢʠʩʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ: ʦ- ʠ ʨ- ʙʝʥʟʦʭʠʥʦʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ.  

ʈʘʟʨʫʰʝʥʠʝ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ  ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʬʝʥʦʣʘ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ  ʦʪ ʜʘʥʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ ʤʝʪʦʜʦʤ ʧʝʨʦʢʩʠʜʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʥʘ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʷʤ.  ʇʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʪʨʝʙʫʝʪ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʩʣʦʞʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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Abstract In work on model solutions, the effectiveness of the combined effect of 

strong oxidants (highly valent manganese and chromium compounds) and UV 

radiation during the oxidation of phenol was investigated for the purpose of 

purification from this pollutant. The features of each of the reagents investigated are 

revealed. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʘʥʘ (ʆʂʄ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʘ ʠ ʵʪʠʣʝʥʘ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʆʂʄ Na-Mn-W/SiO2 c ʢʘʪʠʦʥʥʳʤʠ ʠ ʘʥʠʦʥʥʳʤʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʤʠ 

ʜʦʙʘʚʢʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʫʯʘʣʠʩʴ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɸʢʪʠʚʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 1.6%Na-2%Mn-

3.1%W-2%La/SiO2 ʙʳʣʘ ʪʝʩʪʠʨʦʚʘʥʘ ʜʘʣʝʝ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʷʭ 

ʨʝʘʢʮʠʠ (ʜʦʩʪʠʛʘʷ ʢʦʥʚʝʨʩʠʠ ʉʅ4 57% ʩ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ ʉ2 ʧʨʦʜʫʢʪʦʚ 

22% ʧʦʩʣʝ 25 ʯ), ʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ (O2 : He = 1 : 2, 700
o
C, 1 ʯ), ʪʝʤʧʝʨʘʪʫʨʘ (800

o
C), ʦʙʲʝʤʥʘʷ 

ʩʢʦʨʦʩʪʴ (117 ʤʣĿʤʠʥ
-1
Ŀʛʢʘʪ

-1
), ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O2 : CH4 (1 : 2). ʂʨʦʤʝ 

ʵʪʦʛʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʘʥʘ; Na-Mn-W/SiO2 

ʢʘʪʘʣʠʟʘʪʦʨʳ; ʢʘʪʠʦʥʥʳʝ ʠ ʘʥʠʦʥʥʳʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ; 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ; ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʢʘʪʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ 

ʫʣʫʯʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʪʘʥʘ [1]. 

ʕʪʦ ʜʦʣʞʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 
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ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʨʝʚʨʘʱʝʥʠʝ ʉʅ4 ʚ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʮʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʞʠʛʘʥʠʷ 

ʦʪʭʦʜʦʚ ʉʅ4. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʘʥʘ (ʆʂʄ) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʘ ʠ ʵʪʠʣʝʥʘ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ [1-4]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʠʥʪʝʟ ʦʜʥʦʛʦ ʠʟ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʆʂʄ Na-Mn-W/SiO2 [2-4] ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʜʦʙʘʚʢʘʤʠ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʩ ʠʟʫʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ (ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʨʝʜʦʢʩ) ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʈʝʰʘʣʠʩʴ 

ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʷʭ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʘʮʠʠ 

ʝʝ ʫʩʣʦʚʠʡ [3,4]: ʧʨʝʜʦʙʨʘʙʦʪʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʩʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ O2 : CH4 ʚ ʥʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ (ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʘʢʪʠʚʥʦʩʪʴ) ʤʦʥʦ-, ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ [2,3] ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Na, Mn, W, La) ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʂʘʪʘʣʠʟʘʪʦʨʳ Na-Mn-W-X/SiO2 (ʛʜʝ X ï ʢʘʪʠʦʥʥʳʝ (La, Ce, Zr) ʠʣʠ 

ʘʥʠʦʥʥʳʝ (Cl, S, P) ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ) ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiO2 (Davisil 

646, Sigma-Aldrich) ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ Na2C2O4 (ʯ.), 

Mn(ʉH3COO)2 4vH2O (ʭ.ʯ.), Na2WO4 2vH2O (ʯ.ʜ.ʘ.) ʠ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ-

ʤʦʜʠʬʠʢʘʪʦʨʳ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ [4]. ʆʙʨʘʟʮʳ ʩʫʰʠʣʠ ʧʦʜ ʀʂ-

ʣʘʤʧʦʡ, ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 850ÁC ʚ ʪʝʯʝʥʠʝ 6 ʯ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʣʦ ~ 1.6 ʤʘʩ.% Na, ~ 2.0 ʤʘʩ.% Mn, ~ 3.1 ʤʘʩ.% 

W ʠ ~ 0.1 ï 5.0 ʤʘʩ.% X. ʆʙʱʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ɸʕʉ-ʀʉʇ) ʜʣʷ Na, ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʝʢʩʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ N2. 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

(ʇʕʄɺʈ), ʩ ʣʦʢʘʣʴʥʳʤ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʕɼʉ). ʈʝʜʦʢʩ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʅ2 (ʊʇɺ-ʅ2) ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ), ʪʘʢʞʝ ʜʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʆʂʄ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʧʨʦʪʦʯʥʦʤ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʧʦʩʣʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʨʠ 700 ʠ 800
ʦ
ʉ ʚ ʅʝ ʠ ʆ2, ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʮʠʠ 600ï

930ÁC ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠʩʭʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 175 ʤʣ/ʤʠʥ, ʩ ʚʘʨʠʘʮʠʝʡ 

ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (0.5, 1.0, 1.5 ʛ) ʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ O2 : 

CH4 (0.125, 0.25, 0.375, 0.5, ʙʘʣʘʥʩ He). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʯʝʨʝʟ ʧʨʦʙʦʦʪʙʦʨʥʳʡ ʢʘʧʠʣʣʷʨ, ʠ 
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ʧʫʪʝʤ ʢʘʣʠʙʨʦʚʦʢ ʧʦ ʵʪʘʣʦʥʘʤ ʨʘʩʯʠʪʳʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʤʝʩʠ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʧʪʠʤʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʆʂʄ 1.6%Na-2%Mn-3.1%W-2%La/SiO2 ʙʳʣ 

ʥʘʡʜʝʥ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʪʠʦʥʥʳʤʠ ʠ 

ʘʥʠʦʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʠ ʩʨʘʚʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʝʡ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʥʚʝʨʩʠʠ ʉʅ4 ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʚʳʭʦʜʘ ʉ2 ʧʨʦʜʫʢʪʦʚ ʧʨʠ 800
ʦ
ʉ (ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ CH4 : O2 : He = 4 : 

1 : 2, ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ 350 ʤʣĿʤʠʥ
-1
Ŀʛʢʘʪ

-1
) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ 32% ʠ 

15%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4]. ʅʘ ʈʠʩ. 1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʷʭ ʨʝʘʢʮʠʠ.  

 

 
ʈʠʩ. 1. ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 1.6%Na-2%Mn-3.1%W-2%La/SiO2 ʚ 

ʪʝʯʝʥʠʝ 25 ʯ ʨʝʘʢʮʠʠ ʆʂʄ: (ʘ) ʢʦʥʚʝʨʩʠʠ ʨʝʘʛʝʥʪʦʚ, (ʙ) ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ. 

ʋʩʣʦʚʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ 800
ʦ
ʉ, ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ CH4 : O2 : 

He = 4 : 2 : 1, ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ 117 ʤʣÅʤʠʥ
-1
Åʛʢʘʪ

-1
. 

 

ɺʠʜʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʉʅ4 ʠ ʆ2 

(ʈʠʩ.  1(ʘ)), ʜʦʩʪʠʛʘʷ ʢ 25 ʯ 57% ʠ 100%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʭʦʜʳ ʚʩʝʭ 

ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʫʪ: ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʉ2 

ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʝʪ 22%, ʘ ʚʳʭʦʜʳ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ï 36%. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʠʪʴ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʆʂʄ ʥʘ ʜʘʥʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʚʫʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʧʨʦʜʫʢʪʦʚ ʫʯʘʩʪʚʫʶʪ 

ʨʘʟʥʳʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ [2,3]. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ 

ʨʝʘʢʮʠʠ ʆʂʄ, ʘ ʜʣʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ - ʚʳʜʝʨʞʢʘ ʚ ʧʦʪʦʢʝ 175 

ʤʣĿʤʠʥ
-1
 ʩʤʝʩʠ O2: He = 1: 2 ʧʨʠ 700

o
C ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʤʦʥʦ-, ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʆʂʄ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ Na ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ ʦʩʪʘʣʴʥʳʭ 

ʢʣʶʯʝʚʳʭ ʤʝʪʘʣʣʦʚ, Mn ʠ W (ʪʘʢ ʞʝ ʢʘʢ ʠ ʤʦʜʠʬʠʢʘʪʦʨ La), ʜʘʶʪ ʠʭ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʢʣʘʜʳ. 
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4. ɺʳʚʦʜʳ 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʆʂʄ Na-Mn-W/SiO2 ʩ ʜʦʙʘʚʢʘʤʠ 

ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʠ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʩʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʫʩʣʦʚʠʡ ʆʂʄ ʠ ʠʟʫʯʝʥʠʝʤ ʤʦʜʝʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ. 
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Abstract 
Oxidative coupling of methane (OCM) is one of the perspective catalytic 

processes for the production of ethane and ethylene from natural and associated 

petroleum gas. In this work, OCM catalysts Na-Mn-W/SiO2 have been synthesized 

with cationic and anionic modifying additives, after which their catalytic activity 

and physicochemical properties have been studied. The activity of optimal catalyst 

1.6%Na-2%Mn-3.1%W-2%La/SiO2 was further tested at longer reaction durations 

(reaching 57% conversion of CH4 with 22% summary yield of C2 products after 25 

h), and the following reaction conditions were optimized: pretreatment (O2 : He = 1 

: 2, 700
o
C, 1 h), temperature (800

o
C), space velocity (117 mlĿmin

-1
Ŀgcat

-1
), O2 : CH4 

molar ratio (1 : 2). Besides, the comparative study of model samples of the optimal 

catalyst was conducted. 

Keywords: oxidative coupling of methane; Na-Mn-W/SiO2 catalysts; cationic and 

anionic modifying additives; catalytic activity; physicochemical methods. 

  

mailto:gelio8@yandex.ru
mailto:vadimk@catalysis.ru
mailto:matus@catalysis.ru
mailto:iismagil@catalysis.ru


 
 

189 
 

ʋɼʂ 54.057 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂɸʊɸʃʀʊʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ɹʀʅɸʈʅʆ-

ʆʂʉʀɼʅʓʍ ʉʀʉʊɽʄ ɺ ʈɽɸʂʎʀʗʍ ʕʂʆʃʆɻʀʏɽʉʂʀ 

ɹɽɿʆʇɸʉʅʆɻʆ ʅʀʊʈʆɺɸʅʀʗ ɸʈʆʄʆʊʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ɻʘʙʦʚʘ ʅʘʪʘʣʴʷ ɽʚʛʝʥʴʝʚʥʘ
1,2

, ʤʘʛʠʩʪʨʘʥʪ;  

ʂʦʩʢʠʥ ɸʥʪʦʥ ʇʘʚʣʦʚʠʯ, ʢ.ʪ.ʥ.
1
 

1 
ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ.  ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ, 630090, ʈʦʩʩʠʷ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 5 
2 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)005-48-19 

ɻʘʙʦʚʘ ʅ.ɽ.,e-mail natal_gabova@mail.ru 

ʂʦʩʢʠʥ ɸ.ʇ.,e-mail koskin@catalisys.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɻʘʙʦʚʘ ʅʘʪʘʣʴʷ ɽʚʛʝʥʴʝʚʥʘ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. +7(999)465-24-77 

 

ɸʥʥʦʪʘʮʠʷ: 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 

ʥʠʪʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 

ʥʠʪʨʦʚʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʥʠʪʨʦʚʘʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʨʝʘʛʝʥʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʪ.ʜ.) ʥʘ ʢʦʥʚʝʨʩʠʶ ʠʩʭʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʦʢʩʠʛʝʥʘʪʦʚ. ʅʝʩʢʦʣʴʢʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: MoOx/SiO2; GaOx/SiO2; 

SnOx/SiO2; WOx/SiO2; ZrOx/SiO2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʠʪʨʦʚʘʥʠʝ ʙʝʥʟʦʣʘ, ʪʚʝʨʜʳʝ ʢʠʩʣʦʪʳ, 

ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ, ʟʝʣʝʥʘʷ ʭʠʤʠʷ 

1. ɺʚʝʜʝʥʠʝ 

ɻʝʪʝʨʦʛʝʥʥʦʝ ʥʠʪʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʛʦʤʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʥʠʪʨʦʚʘʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʙʦʣʝʝ 5 ʤʣʥ. ʪʦʥʥ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ ʚ ʛʦʜ). ʅʝʜʦʩʪʘʪʢʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ï ʥʠʪʨʦʚʘʥʠʝ çʢʠʩʣʦʪʥʦʡ ʩʤʝʩʴʶè (HNO3-H2SO4) 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ (ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ) ʠʣʠ ʫʪʠʣʠʟʘʮʠʠ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʜʝʟʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʭʦʜʝ 

ʧʨʦʮʝʩʩʘ[1-2].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʥʘʨʥʦ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʠʜʝʥʪʠʯʥʳʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʙʠʥʘʨʥʦ-ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤ: MoOx/SiO2; GaOx/SiO2; SnOx/SiO2; WOx/SiO2; ZrOx/SiO2 . ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʥʟʦʣ (99.9%), 

ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ (ʚ ʚʠʜʝ ʘʟʝʦʪʨʦʧʥʦʛʦ (68 ʚʝʩ. % ʠ 30 ʚʝʩ. % ʨʘʩʪʚʦʨʦʚ). 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʊʇɼ-

ʘʤʤʠʘʢʘ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʕʇʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ, ʩ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʨʝʥʩʪʝʜʦʚʩʢʠʭ ʠ ʣʴʶʠʩʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ɹʕʊ, ʈʌʉ, ʈʌɸ, ʄʋʈʈ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʝ [3-4].  

ʈʝʘʢʪʦʨ ʛʘʟʦʬʘʟʥʦʛʦ ʥʠʪʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩʝʢʮʠʡ:  1 ï ʠʩʧʘʨʠʪʝʣʴ-ʩʤʝʩʠʪʝʣʴ ʧʦʪʦʢʦʚ 

ʩʫʙʩʪʨʘʪʘ (140-200 
ʦ
ʉ), 2 ï ʊʝʨʤʦʩʪʘʪʠʨʫʝʤʳʡ (140-220 

ʦ
ʉ) ʧʨʦʪʦʯʥʳʡ 

ʨʝʘʢʪʦʨ, 3 ï ʉʝʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ɸ): ʛʘʟʦʚʳʡ ʧʦʪʦʢ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʯʝʨʝʟ ʦʭʣʘʞʜʘʝʤʳʡ ʨʘʩʪʚʦʨ NaOH; (ɹ) 

ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠʩʴ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ (10 
ʦ
ʉ) ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʛʘʟʦʭʨʦʤʪʘʦʛʨʘʬʠʯʝʩʢʠ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʠʥʘʨʥʦ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ʅʝʦʞʠʜʘʥʥʳʤ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʧʦ ʜʘʥʥʳʤ ʊʇɼ-ʘʤʤʠʘʢʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʠʪʨʦʚʘʥʠʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ 

ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʣʦʞʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

(ʨʠʩ.1ʘ) ʤʝʭʘʥʠʟʤ ʥʠʪʨʦʚʘʥʠʷ ʥʘ ʘʢʮʝʧʪʦʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ (ʨʠʩ. 

1ʙ). 

 
ʈʠʩ.1. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʥʠʪʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʥʘ ʙʠʥʘʨʥʳʭ ʦʢʩʠʜʘʭ (ʘ 
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ï ʩʪʘʥʜʘʨʪʥʳʡ ʢʠʩʣʦʪʥʳʡ ʤʝʭʘʥʠʟʤ, ʙ ï ʥʘ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʘʭ) 

 

ʊʘʙʣʠʮʘ 1- ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʥʘʨʥʦ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ 

 

2ʚʝʩ.% 

MOx/SiO2 

ʂʦʥʚʝʨʩʠʷ 

ʙʝʥʟʦʣʘ  

ʚ ʨʝʘʢʮʠʠ 

ʥʠʪʨʦʚʘʥʠʷ               

% 

ʂʠʩʣʦʪʥʦʩʪʴ 

ʧʦ ʊʇɼ-NH3, 

ʤʤʦʣʴ/ʛ 

ɼʠʩʧʝʨʩʥʦʩʪʴ 

ʯʘʩʪʠʮ, ʧʦ 

ʤʝʪʦʜʫ ʄʋʈʈ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤ
2
/ʛ 

D max, 

ʥʤ 

 

Rg, ʥʤ  

SiO2 2 0.168 - - 410 

ZrO2/SiO2 43 0.185 10.4 2.8 404 

SnO2/SiO2 - 0.399 15.0 3.5 407 

Ga2O3/SiO2 43 0.252 12.0 3.1 402 

MoO3/SiO2 37 0.514 38.0 9.7 409 

WO3/SiO2 47 0.572 32.0 8.0 406 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʩʫʤʤʘʨʥʳʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦ ʊʇɼ-NH3. 

 
ʈʠʩ.2. ʂʨʠʚʳʝ ʩʫʤʤʘʨʥʳʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦ ʊʇɼ-NH3 

 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʠʣʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ZrO2/SiO2 2 ʚʝʩ.% (ʨʠʩ. 3). 

 

WOx/SiO2 

MoOx/SiO2 

GaOx/SiO2 

SnOx/SiO2 

ZrOx/SiO2 

SiO2 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ZrO2/SiO2 2 ʚʝʩ.% ʧʦ ʤʝʪʦʜʫ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ 

4. ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʥʘʨʥʦ-ʦʢʩʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʠʩʩʣʝʜʦʚʘʥʦ 

ʠʭ ʩʪʨʦʝʥʠʝ  (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ) ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʥʠʪʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʳʩʪʨʘʠʚʘʝʪʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ: WOx/SiO2 > ZrOx/SiO2 å GaOx/SiO2 > MoOx/SiO2  >> SiO2. 
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Annotation:  

The present paper is dedicated to the development of a method for the production of 

nitroaromatic compounds using solid acid catalysts, as an alternative to industrial 

nitration, based on a mixture of concentrated acids. The influence of key parameters 

of the nitration process (temperature, reagent flow rate, nitrating agent concentration 

etc.) on the conversion of the initial substrate, the degree of decomposition of nitric 

acid and the quantity of resulting oxygenates was studied. Several of the most 

promising process catalysts were tested in identical conditions: MoOx/SiO2; 

GaOx/SiO2; SnOx/SiO2; WOx/SiO2; ZrOx/SiO2.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʈʦʩʩʠʠ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʟʘʢʨʝʧʣʝʥʘ ʌʝʜʝʨʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ 

ʦʮʝʥʢʠ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʙʦʩʥʦʚʳʚʘʶʱʝʡ 

ʥʘʤʝʯʘʝʤʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺʩʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʫʯʝʪʘ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ; ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ; 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ; ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ.  

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ 

ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʜʛʦʪʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʩʦʩʪʘʚʫ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ çʇʦʣʦʞʝʥʠʝʤ ʦʙ 

ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʈʌè[1]. ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʘʩʪʠʝʤ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʩʝʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʧʣʘʥʠʨʫʝʤʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʱʫʶ ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ï ʧʨʘʚʦʚʳʭ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʎʝʣʴʶ ʦʮʝʥʢʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʣʠ ʩʤʷʛʯʝʥʠʝ 

ʜʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ.  

2.ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʆʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʫʚʝʜʦʤʣʝʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ  ʠ ʩʦʩʪʘʚʣʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. ɺʪʦʨʦʡ ʵʪʘʧ ï ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʨʝʪʠʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʢʘ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʤʝʯʘʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 
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ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʦʮʝʥʢʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʠʨʫʝʤʳʭ 

ʨʝʰʝʥʠʡ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʤʝʩʪʫ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʲʝʢʪʘ, ʪʝʭʥʦʣʦʛʠʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ/ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨʫʛʠʝ. ɹʳʣʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ: 

¶ ʚʠʜʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

¶ ʦʙʲʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ; 

¶ ʦʙʲʝʤ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ; 

¶ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ; 

¶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

ʉʪʝʧʝʥʴ ʧʦʣʥʦʪʳ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʠ ʚʠʜʘ ʥʘʤʝʯʘʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ.   

ʇʨʠ ʦʮʝʥʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʜʝʣʝʥʠʷ ʠ 

ʚʳʙʨʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʶʪʩʷ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ: ʧʳʣʴ ʠ 

ʧʨʦʜʫʢʪʳ ʜʝʩʪʨʫʢʮʠʠ ʧʣʘʩʪʤʘʩʩ. ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʷʚʣʷʶʪʩʷ ʵʪʘʥʦʚʘʷ (ʫʢʩʫʩʥʘʷ) ʢʠʩʣʦʪʘ ʠ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʫʜʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʵʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʫʛʣʝʨʦʜʘ ʦʢʩʠʜ ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʘʭ 1, 2. 

 

ʊʘʙʣʠʮʘ 1- ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ 

ɺʝʣʠʯʠʥʘ ʇɼʂ (ʤʛ/ʤ
3
) 

 ʤʘʢʩʠʤʘʣʴʥʦ 

ʨʘʟʦʚʘʷ 

ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʕʪʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

0,2 0,06 

ʋʛʣʝʨʦʜ ʦʢʩʠʜ 0,5 0,3 

 

ʊʘʙʣʠʮʘ 2 - ʋʜʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ 

ʇʝʨʝʨʘʙʘʪʳʚʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ 

ɺʳʜʝʣʷʶʱʠʝʩʷ 

ʚʨʝʜʥʳʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʣʠʯʝʩʪʚʦ, 

ʛ/ʢʛ ʤʘʪʝʨʠʘʣʘ 

ʕʢʩʪʨʫʟʠʷ ʪʨʫʙ ʇʦʣʠʵʪʠʣʝʥ  ʕʪʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

0,50 

ʋʛʣʝʨʦʜ ʦʢʩʠʜ 0,25 
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ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚ ʜʝʥʴ ʥʘ ʜʘʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʦ 

4 ʪʦʥʥ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʚʠʜʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʚʳʰʘʶʪ ʇɼʂ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʫʞʥʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʣʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ  

 

4. ɺʳʚʦʜʳ 

ʇʨʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʨʫʙ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʧʦ ʜʚʫʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ï ʵʪʘʥʦʚʦʡ ʢʠʩʣʦʪʝ ʠ 

ʫʛʣʝʨʦʜ ʦʢʩʠʜ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ 

ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ ʤʝʨ, ʪʘʢʠʝ ʢʘʢ:  

¶ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ (ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤ ʘʩʧʠʨʘʮʠʠ ʩ 

ʧʳʣʝʦʯʠʩʪʢʦʡ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʠʣʠ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʘʭ, ʛʠʜʨʦʠʟʦʣʷʮʠʷ 

ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ); 

¶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ (ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʦʪʚʦʜ ʩʪʦʢʦʚ) 

ʇʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʤʝʨ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
1. ʇʦʣʦʞʝʥʠʝ ʦʙ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʈʌ ʠ ʫʪʚ.ʇʨʠʢʘʟʦʤ 

ɻʦʩʢʦʤʵʢʦʣʦʛʠʠ ʈʦʩʩʠʠ ʦʪ 16.05.2000 

2. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʢ ʉʇ 11-101-95 ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʜʝʣʘ çʆʮʝʥʢʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫè ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʜʧʛʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ïʄ.:ɻʇ 

çʎɽʅʊʈʀʅɺɽʉʊʇʨʦʝʢʪè, 1998. 

3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ˉ7-ʌɿ ʦʪ 

10.01.2002. 

4. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝè ˉ174-ʌɿ ʦʪ 

30.10.1996. 

5. ɻʠʛʠʝʥʠʯʝʩʢʠʡ ʥʦʨʤʘʪʠʚ ɻʅ2.1.6.1338-03 ʦʪ 4.02.2009. 

6. ʂʨʠʩʢʫʥʦʚ ɽ.ɸ., ʇʘʩʝʯʥʠʢ ɺ.ɺ., ʉʠʜʦʨʢʠʥ ɸ.ʇ. ʕʢʦʣʦʛʠʷ. ï ʅʦʚʦʩʠʙʠʨʩʢ: 
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ASSESSMENT OF THE ENVIRONMENTAL IMPACT OF THE 

TECHNOLOGICAL LINE FOR PRODUCTION OF PIPES FROM 

POLYETHYLENE OF LOW PRESSURE  
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Abstract 

In Russia the system of environmental assessment envisaged by the Federal 

law "About environmental protection" and includes the assessment of planned 

economic and other activities on the environment and environmental assessment 

documentation supporting the proposed activity. All this is necessary to determine 

possible adverse impacts, environmental impact assessment, taking account of 

public opinion, development of measures to reduce and prevent impacts. 

Keywords 

Environmental impact assessment; environment; adverse effects; 

contaminants. 
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ɸʥʥʦʪʘʮʠʷ 
ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʧʦʨʷʞʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 2 ʠʶʥʷ 

2016 ʛ. ˉ 1082-ʨ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʣʘʥʘ ʦʩʥʦʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʚ 2017 ʛʦʜʫ ʚ ʈʌ ɻʦʜʘ ʵʢʦʣʦʛʠʠè, ʚ ʢʦʪʦʨʦʤ ʦʪʨʘʞʝʥʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʠʥʠʮʠʘʪʠʚʳ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ ʈʌ ʧʦ ʨʝʰʝʥʠʶ 

ʵʪʠʭ ʧʨʦʙʣʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʠ ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʕʢʦʣʦʛʠʷ, ʛʦʜ ʵʢʦʣʦʛʠʠ, ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ, ʦʪʭʦʜʳ, ʣʝʩ, ʚʦʜʘ, 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ, ɸʨʢʪʠʢʘ, ɹʘʡʢʘʣ, 

ʧʝʨʩʧʝʢʪʠʚʳ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʈʦʩʩʠʠ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʘʚʦʚʦʤ 

ʧʦʣʝ ʧʨʦʚʦʜʠʪʩʷ ʛʣʫʙʦʢʦʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʨʠʥʷʪʠʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 21 ʠʶʣʷ 2014 ʛ. N 219-

ʌɿ "ʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ "ʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ" ʠ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" (ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ) (ʜʘʣʝʝ ˉ219-ʌɿ) [1]. ʆʩʥʦʚʦʡ ʥʦʚʦʛʦ 

ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʩʪʝʧʝʥʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. ɼʨʫʛʠʤ ʟʥʘʢʦʚʳʤ ʩʦʙʳʪʠʝʤ 

ʷʚʠʣʦʩʴ ʦʙʲʷʚʣʝʥʠʝ 2017 ʛʦʜʘ ɻʦʜʦʤ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʠ [2] ʠ ʫʪʚʝʨʞʜʝʥʠʝ 

ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʝʛʦ ʧʨʦʚʝʜʝʥʠʶ [3]  (ʜʘʣʝʝ ʧʣʘʥ).   

ɺ ʧʣʘʥʝ ʚʳʜʝʣʝʥʳ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: I . ʆʪʭʦʜʳ; II . 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʝʨʝʭʦʜ ʥʘ ʥʘʠʣʫʯʰʠʝ 

ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; III . ɺʦʜʘ; IV. ʃʝʩ; V. ɹʘʡʢʘʣʴʩʢʘʷ ʧʨʠʨʦʜʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ; VI . ɸʨʢʪʠʢʘ ʠ ʢʣʠʤʘʪ; VII. ʆʩʦʙʦ ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʞʠʚʦʪʥʳʡ ʤʠʨ; VIII . ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ. ɺʩʝʛʦ 

ʧʨʦʛʨʘʤʤʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 234 ʤʝʨʦʧʨʠʷʪʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʚ 179  ʥʘʟʚʘʥʳ 
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ʩʫʙʲʝʢʪʳ ʬʝʜʝʨʘʮʠʠ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʥʘ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʥʠʪʝʣʝʤ ʷʚʣʷʶʪʩʷ ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʨʷʜʘ ʬʝʜʝʨʘʣʴʥʳʭ ʚʝʜʦʤʩʪʚ.  

ɸʥʘʣʠʟ ʫʯʘʩʪʠʷ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ ʚ ʧʣʘʥʝ ʤʝʨʦʧʨʠʷʪʠʡ.   

ɺ ʧʣʘʥ ʚʢʣʶʯʝʥʳ 52 ʩʫʙʲʝʢʪʘ ʌʝʜʝʨʘʮʠʠ ʠʟ 85, ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪ. 65 

ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (64%).  ɺ ʊʘʙʣʠʮʝ 1 ʦʪʨʘʞʝʥʦ ʫʯʘʩʪʠʝ 

ʢʦʥʢʨʝʪʥʳʭ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ ʚ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʣʘʥʘ 

ʤʝʨʦʧʨʠʷʪʠʡ.  

 

 

 

 

ʊʘʙʣʠʮʘ 1. 

ʋʯʘʩʪʠʝ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ ʚ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ 

ɻʦʜʘ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʠ. 

 

 ̄ ʉʫʙʲʝʢʪ  

ʌʝʜʝʨʘʮʠʠ 

ʅʘʧʨʘʚʣʝʥʠʷ ʧʣʘʥʘ  

× I II  III  IV V VI  VII  VIII  
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ʜ
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ʦ
ʜ
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ɸ
ʨ
ʢ
ʪ
ʠ
ʢ
ʘ

, 
ʂ
ʣ
ʠ
ʤ
.

 

ʆ
ʆ
ʇ
ʊ 

ʕ
ʢʦ
ʧ
ʨ
ʦ-

ʩ
ʚ
ʝ
ʱ
ʝ
ʥ
ʠ

ʝ 

1 ʈʝʩʧʫʙʣʠʢʘ 

ɹʫʨʷʪʠʷ 

- - - - 19 - - 1 20 

2 ʏʝʣʷʙʠʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 9 3 - - - 1 - 14 

3 ʀʨʢʫʪʩʢʘʷ 

ʦʙʣʘʩʪʴ 

- - - 1 12 - - 1 14 

4 ʂʨʘʩʥʦʷʨʩʢʠ

ʡ ʢʨʘʡ 

- 9 - - - - - - 9 

5 ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣ. ʠ  ʛ. 

ʄʦʩʢʚʘ* 

4 1 1 - - 1 1 1 9 

6 ʉʚʝʨʜʣʦʚʩʢʘ

ʷ ʦʙʣʘʩʪʴ 

1 3 2 - - - - - 6 

7 ʈʝʩʧʫʙʣʠʢʘ 

ʉʘʭʘ 

(ʗʢʫʪʠʷ) 

1 1 1 - - 1 2 - 6 

8 ʈʦʩʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

- - 7 - - - - - 7 

9 ʂʝʤʝʨʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 2 2 - - - - - 5 
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 ̄ ʉʫʙʲʝʢʪ  

ʌʝʜʝʨʘʮʠʠ 

ʅʘʧʨʘʚʣʝʥʠʷ ʧʣʘʥʘ × 

I II  III  IV V VI  VII  VIII  

ʆ
ʪ
ʭ
ʦ
ʜ

 r
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ɺ
ʦ
ʜ
ʘ

 

ʃ
ʝ
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ɹ
ʘ
ʡʢ
ʘ
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ɸ
ʨ
ʢ
ʪ
ʠ
ʢ
ʘ
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ʂ
ʣ
ʠ
ʤ
.

 

ʆ
ʆ
ʇ
ʊ 

ʕ
ʢʦ
ʧʨ
ʦ-

ʩ
ʚ
ʝ
ʱ
ʝ
ʥ
ʠ

ʝ 

10 ʄʫʨʤʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

2 - - - - - 2 1 5 

11 ʅʠʞʝʛʦʨʦʜʩʢ

ʘʷ ʦʙʣʘʩʪʴ 

1 2 1 - - - - 1 5 

12 ɺʦʣʦʛʦʜʩʢʘʷ 

ʦʙʣʘʩʪʴ 

- 2 2 - - - - - 4 

13 ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʪʘʨʩʪʘʥ 

2 - 1 - - - - - 3 

14 ʃʠʧʝʮʢʘʷ 

ʦʙʣʘʩʪʴ 

1 1 - 1 - - - - 3 

15 ʆʤʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 2 - - - - - - 3 

16 ʈʝʩʧʫʙʣʠʢʘ 

ʏʫʚʘʰʠʷ 

2 - 1 - - - - - 3 

17 ʂʘʨʘʯʝʚʦ-

ʏʝʨʢʝʩʩʢʘʷ 

ʨʝʩʧʫʙʣʠʢʘ 

3 - - - - - - - 3 

18 ʃʝʥʠʥʛʨʘʜʩʢ

ʘʷ ʦʙʣʘʩʪʴ, ʛ. 

ʉ-ʇ* 

1 - - - - - 1 1 3 

19 ɿʘʙʘʡʢʘʣʴʩʢʠ

ʡ ʢʨʘʡ 

- 3 - - - - 1 - 4 

20 ʈʝʩʧʫʙʣʠʢʘ 

ʂʨʳʤ 

1 - - - - 1 - 1 3 

21 ɹʨʷʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

2 - - - - - - - 2 

22 ʊʫʣʴʩʢʘʷ 

ʦʙʣʘʩʪʴ 

2 - - - - - - - 2 

23 ʈʝʩʧʫʙʣʠʢʘ 

ʀʥʛʫʰʝʪʠʷ 

2 - - - - - - - 2 

24 ʈʝʩʧʫʙʣʠʢʘ 

ʋʜʤʫʨʪʠʷ 

2 - - - - - - - 2 

25 ʊʶʤʝʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 1 - - - - - - 2 

26 ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʣʤʳʢʠʷ 

- - 2 - - - - - 2 
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27 ʈʝʩʧʫʙʣʠʢʘ 

ɹʘʰʢʠʨʠʷ 

- - 2 - - - - - 2 

28 

ʍʘʥʪʳ-

ʄʘʥʩʠʡʩʢʠʡ 

ʘʚʪ. ʦʢʨʫʛ 

 

- 

 

- 

 

1 

 

- 

 

- 

 

1 

 

- 

 

- 

 

2 

29 ʊʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - 1 - 2 

30 ʋʣʴʷʥʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - 1 - 2 

31 ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʨʝʣʠʷ 

- - 1 - - - 1 - 2 

31 ɸʨʭʘʥʛʝʣʴʩʢʘ

ʷ ʦʙʣʘʩʪʴ 

- - - - - 1 1 - 2 

33 ʂʫʨʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

34 ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʠʷ 

1 - - - - - - - 1 

35 ɸʣʪʘʡʩʢʠʡ 

ʢʨʘʡ 

1 - - - - - - - 1 

36 ʂʠʨʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

37 ʉʘʨʘʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

38 ʅʦʚʛʦʨʦʜʩʢʘ

ʷ ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

39 ʇʩʢʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

40 ɺʦʣʛʦʛʨʘʜʩʢʘ

ʷ ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

41 ɹʝʣʛʦʨʦʜʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

42 ʉʘʭʘʣʠʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

1 - - - - - - - 1 

43 ʈʝʩʧʫʙʣʠʢʘ 

ʂʦʤʠ 

- 1 - - - - - - 1 

44 ʆʨʝʥʙʫʨʛʩʢʘ

ʷ ʦʙʣʘʩʪʴ 

 

- 1 - - - - - - 1 

45 ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

- - 1 - - - - - 1 
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46 ʗʨʦʩʣʘʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

- - 1 - - - - - 1 

47 ʈʝʩʧʫʙʣʠʢʘ 

ʏʝʯʥʷ 

- - 1 - - - - - 1 

48 ʗʤʘʣʦ-

ʅʝʥʝʮʢʠʡ 

ʘʚʪ. ʦʢʨʫʛ 

- - 1 - - - - - 1 

49 
ɸʤʫʨʩʢʘʷ 

ʦʙʣʘʩʪʴ 
- 1 - - - - - - 1 

50 ʉʪʘʚʨʦʧʦʣʴʩ

ʢʠʡ ʢʨʘʡ 

- - - - - - 1 - 1 

51 ʅʦʚʦʩʠʙʠʨʩʢ

ʘʷ ʦʙʣʘʩʪʴ 

- - - - - - 1 - 1 

52 ʇʨʠʤʦʨʩʢʠʡ 

ʢʨʘʡ 

- - - - - - 1 - 1 

ʀʊʆɻʆ 43 45 31 2 31 5 15 7 179 

 

ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʘʩʪʠʷ ʦʪʜʝʣʴʥʳʭ 

ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. ʅʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʠʝ - V. 

ɹʘʡʢʘʣʴʩʢʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ (ˉˉ156-188 ʧʦ ʧʣʘʥʫ), ʧʨʠʪʷʛʠʚʘʝʪ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ï ʈʝʩʧʫʙʣʠʢʫ ɹʫʨʷʪʠʶ ʠ ʀʨʢʫʪʩʢʫʶ ʦʙʣʘʩʪʴ. ʇʨʠ ʵʪʦʤ, 

ʧʨʦʝʢʪʳ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: 

- ʣʠʢʚʠʜʘʮʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ  ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʦ ʚʨʝʤʝʥ ʉʉʉʈ ʚ ʟʦʥʝ ɹʘʡʢʘʣʘ ï ʜʝʤʝʨʢʫʨʠʟʘʮʠʷ ʮʝʭʘ ʨʪʫʪʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʟʘ (ˉ156 ʚ ʧʣʘʥʝ); ʣʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʜʦʙʳʯʠ ʫʛʣʷ (ˉ157), 

ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ (ˉ158), ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ˉ159) 

- ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ˉˉ 163; 

164; 174-177; 179) 

- ʨʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʣʠʛʦʥʦʚ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ (ˉˉ165-170; 172;173; 181-183)  

-  ʩʦʭʨʘʥʝʥʠʝ ʨʳʙʥʳʭ ʟʘʧʘʩʦʚ (ˉˉ160-162) 

- ʦʭʨʘʥʘ ʣʝʩʦʚ (ˉˉ185; 186) 

- ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ (ˉˉ184; 187) 

ʅʘʟʚʘʥʥʳʝ ʩʫʙʲʝʢʪʳ ʌʝʜʝʨʘʮʠʠ ʣʠʜʠʨʫʶʪ ʚ ʧʣʘʥʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʣʘʥʘ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʝ V. ɹʘʡʢʘʣʴʩʢʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʳʩʦʢʦʤ ʤʝʩʪʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ɹʘʡʢʘʣʘ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʧʦʣʠʪʠʢʝ 

ʩʪʨʘʥʳ. 

ɼʨʫʛʠʤ ʣʠʜʠʨʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ II . ʅʦʨʤʠʨʦʚʘʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʝʨʝʭʦʜ ʥʘ ʥʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ(ˉˉ 54-109 ʧʦ ʧʣʘʥʫ). ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ 
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ˉ219-ʌɿ ʢ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 1-ʡ ʢʘʪʝʛʦʨʠʠ,  ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʝʩʪʨʦʝʥʦ  ʥʘ ʦʩʥʦʚʝ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʠ, ʩʧʨʘʚʦʯʥʠʢ ʢʦʪʦʨʳʭ ʫʞʝ ʠʟʜʘʝʪʩʷ, ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʛʨʘʬʠʢʫ. 

ʇʨʠ ʵʪʦʤ, ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ 

ʜʦʣʞʥʳ ʦʩʥʘʱʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʢʦʥʪʨʦʣʷ ʩ ʚʳʚʦʜʦʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʦʨʛʘʥʳ. ɺ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʷʚʣʝʥʦ 15 ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ. ʃʠʜʝʨʦʤ ʧʦ ʯʠʩʣʫ 

ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ (ʧʦ 9 

ʤʝʨʦʧʨʠʷʪʠʡ ʠʟ 45 ʚ ʧʣʘʥʝ),  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ 1-ʡ ʢʘʪʝʛʦʨʠʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʛʨʘʤʤʘ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʪʨʘʩʣʠ: 

- ʢʦʢʩʦʭʠʤʠʷ  (ˉˉ59; 64; 66) 

- ʤʝʪʘʣʣʫʨʛʠʷ (ˉˉ 62; 88; 89) 

- ʵʥʝʨʛʝʪʠʢʠ (ˉˉ 101-106) 

ɼʨʫʛʠʤ ʣʠʜʝʨʦʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ I . 

ʆʪʭʦʜʳ (ˉˉ 1-54 ʧʦ ʧʣʘʥʫ), ʚ ʢʦʪʦʨʦʤ ʟʘʷʚʣʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʫʯʘʩʪʥʠʢʦʚ. ʀʩʪʦʨʠʯʝʩʢʠ, ʧʝʨʝʭʦʜʷʱʘʷ ʦʪ  ʉʉʉʈ, ʧʨʦʙʣʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʪʭʦʜʘʤʠ ʥʝ ʥʘʰʣʘ ʨʝʰʝʥʠʷ ʠ ʚ ʈʦʩʩʠʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʣʘʥʝ ʟʘʥʠʤʘʶʪ 

ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ (ʊʂʆ), ʟʘʭʦʨʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ 

ʧʦʣʠʛʦʥʘʭ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ  ʩʨʝʜʳ ʧʦʩʣʫʞʠʣ 

ʧʨʠʯʠʥʦʡ ʟʘʢʨʳʪʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʵʪʠʭ ʧʦʣʠʛʦʥʦʚ. ʀʟ 43 ʧʨʦʝʢʪʦʚ 

ʥʘʧʨʘʚʣʝʥʠʷ, 15 (35%) ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʚʳʚʝʜʝʥʥʳʭ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, 3 ʦʙʲʝʢʪʘ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ˉˉ 

2-4). ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʟʘʚʦʜʦʚ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʊʂʆ (ˉ5). ʈʝʘʣʠʟʘʮʠʷ 

ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ 

ʩʪʦʣʠʯʥʦʤ ʤʝʛʘʧʦʣʠʩʝ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ.  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʤʫʩʦʨʦʩʦʨʪʠʨʦʚʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʚ 21 ʧʨʦʝʢʪʘʭ 

ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʝʢʪʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ 1-3-ʛʦ ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ: 

ʷʜʦʭʠʤʠʢʘʪʳ ï 2 ʧʨʦʝʢʪʘ; ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʝ ï 2 ʧʨʦʝʢʪʘ; ʢʦʤʧʣʝʢʩʳ ʧʦ 

ʫʪʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ï 2 ʧʨʦʝʢʪʘ. 

ʆʭʨʘʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ï ʥʘʧʨʘʚʣʝʥʠʝ  III . ɺʦʜʘ (ˉˉ110 ï 146 ʧʦ 

ʧʣʘʥʫ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 31 ʧʨʦʝʢʪʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʦʚ ʩʚʷʟʘʥʘ ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʭʦʟʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ -12 ʧʨʦʝʢʪʦʚ (39%); ʦʯʠʩʪʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ï 7 ʧʨʦʝʢʪʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʨʝʘʙʠʣʠʪʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 6 

ʧʨʦʝʢʪʘʭ, ʤʦʥʠʪʦʨʠʥʛ ʚʦʜ ï 2 ʧʨʦʝʢʪʘ. ʃʠʜʝʨ ʥʘʧʨʘʚʣʝʥʠʷ ï ʈʦʩʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ ï ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 7 ʧʨʦʝʢʪʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʚʢʣʶʯʘʶʪ ʪʝʢʫʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ  ʚʨʷʜ ʣʠ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ. ʅʘʧʨʠʤʝʨ:  ˉ145 ï ʧʨʦʚʝʜʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 
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ʧʦʚʝʨʢʠ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʙʝʨʝʛʦʚʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ; ˉˉ 142 

ʠ 143 ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʙʝʨʝʛʦʚʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ.  

ʅʘʧʨʘʚʣʝʥʠʝ  IV. ʃʝʩ (ˉˉ 147-155 ʧʦ ʧʣʘʥʫ), ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ɺʩʝʨʦʩʩʠʡʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ: ʢʘʤʧʘʥʠʷ çɹʝʨʝʛʠ ʣʝʩè - 

ˉ154; ʘʢʮʠʷ çɸʣʣʝʷ ʈʦʩʩʠʠè - ˉ153, ʃʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

(ʥʝ ʤʝʥʝʝ 800 ʪʳʩ. ʛʘ) - ˉ147. ʊʨʫʜʥʦ ʧʦʥʷʪʴ ʧʦʯʝʤʫ ʥʝ ʥʘʰʝʣ ʧʦʜʜʝʨʞʢʫ 

ʜʨʫʛʠʭ ʩʫʙʲʝʢʪʦʚ ʈʌ  ʧʨʦʝʢʪ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ - ˉ151 ï ʂʦʤʧʣʝʢʩʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ï ʯʪʦ 

ʘʢʪʫʘʣʴʥʦ ʠ ʚ ʜʨʫʛʠʭ ʩʫʙʲʝʢʪʘʭ.  

ʅʘʧʨʘʚʣʝʥʠʝ VII . ʆʩʦʙʦ ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʞʠʚʦʪʥʳʡ ʤʠʨ(ˉˉ200 ï 220 ʧʦ ʧʣʘʥʫ) ʧʨʝʜʩʪʘʚʣʝʥʦ ɺʩʝʨʦʩʩʠʡʩʢʠʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ: ˉ202 ï ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʜʘʥʠʝ çʂʨʘʩʥʦʡ ʢʥʠʛʠè; ˉ211 - 

ʧʨʦʚʝʜʝʥʠʝ  ʩʣʝʪʘ ʧʠʪʦʤʥʠʢʦʚ ʨʝʜʢʠʭ ʧʪʠʮ. ʀʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʣʘʥʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩʫʙʲʝʢʪʦʚ ʈʌ-  ˉ201 ï ʩʦʟʜʘʥʠʝ 11 ʥʦʚʳʭ ʆʆʇʊ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ; ˉ203 ï ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʠʪʦʤʥʠʢʦʚ ʣʝʦʧʘʨʜʘ ʠ ʘʤʫʨʩʢʦʛʦ ʪʠʛʨʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ VIII . ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ (ˉˉ 221-234 ʧʦ ʧʣʘʥʫ) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ɺʩʝʨʦʩʩʠʡʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʩʦʟʜʘʥʠʝ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʬʠʣʴʤʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʨʦʢʦʚ, ʮʠʢʣʦʚ ʩʪʘʪʝʡ, ʧʦʜʛʦʪʦʚʢʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʛʨʝʩʩʘ. ʎʝʣʝʚʳʝ ʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʯʝʪʳʨʝ ʩʫʙʲʝʢʪʘ 

ʌʝʜʝʨʘʮʠʠ: ʨʝʩʧʫʙʣʠʢʘ ʂʨʳʤ ˉ 229 ï ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʤʝʥʘ ʚ ʣʘʛʝʨʝ çɸʨʪʝʢè; 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ- ˉ 234 ï ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʬʦʨʫʤ; ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, 

ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ - ˉ184 ï ɿʘʢʣʘʜʢʘ ɹʦʣʴʰʦʡ ɹʘʡʢʘʣʴʩʢʦʡ ʪʨʦʧʳ; ˉ187 ï 

ʧʨʦʚʝʜʝʥʠʝ ʜʥʷ ɹʘʡʢʘʣʘ 

ɺʓɺʆɼʓ 

1. ɻʦʜ ʵʢʦʣʦʛʠʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʠ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʪʨʘʥʳ ʠ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ. 

2. ʇʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ɻʦʜʘ ʵʢʦʣʦʛʠʠ ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʫʙʲʝʢʪʘʭ ʌʝʜʝʨʘʮʠʠ ʠ ʠʥʠʮʠʘʪʠʚʳ ʧʦ 

ʚʳʧʦʣʥʝʥʠʶ ˉ219-ʌɿ. 

3. ʅʝʫʯʘʩʪʠʝ ʥʝʢʦʪʦʨʳʭ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʚ ʨʝʰʝʥʠʠ ʤʝʩʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ. 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 21 ʠʶʣʷ 2014 ʛ. N 219-ʌɿ "ʆ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ "ʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ" ʠ ʦʪʜʝʣʴʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ 

ʜʦʧʦʣʥʝʥʠʷʤʠ) (ʜʘʣʝʝ ˉ219-ʌɿ). 

2. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 05.01.2016 ʛ. ˉ 7 

çʆ ʧʨʦʚʝʜʝʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʦʜʘ ʵʢʦʣʦʛʠʠè 

3. ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 02.06.2016 ˉ1082-ʨ çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʧʣʘʥʘ ʦʩʥʦʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʚ 2017 ʛʦʜʫ ɻʦʜʘ 

ʵʢʦʣʦʛʠʠè  

 

 

 

YEAR ECOLOGY IN SUBJECTS OF THE RUSSIAN FEDERATION  

 

Degunov A. B.., Bachelor student, e-mail: adegun51@gmail.com  

Aleksandrov V.Y., Ph.D. (Chemical), e-mail: viktoral48@yandex.ru 

Novosibirsk State Technical University, prospect Karl Marx. 20, Novosibirsk, 

630073 Russia 

 

Abstract 
This material provides an analysis of the Russian government's order No. 

1082-r of June 2, 2016 "On the approval of the plan for the main activities for the 

Year of the Ecology in 2017 in the Russian Federation," which reflects the 

environmental problems and initiatives of individual subjects of the Russian 

Federation to address these problems, In particular the Novosibirsk Region. 

Keywords: 

Ecology, the year of ecology, the government of the Russian Federation, 

waste, forest, water, environment, ecology education, the Arctic, Baikal, prospects. 

  

mailto:adegun51@gmail.com
mailto:viktoral48@yandex.ru


 
 

206 
 

ʋɼʂ 504.61 

 

ʈɸɿɺʀʊʀɽ ʄɽʊʆɼʀʂʀ ʈɸʉʏɪʊɸ ɸɺʀɸʎʀʆʅʅʓʍ ɺʓɹʈʆʉʆɺ ɺ 

ɿʆʅɽ ɸʕʈʆʇʆʈʊɸ 

 

ʀʛʥʘʪʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ
1
 ʩʪʫʜʝʥʪ; 

ʂʦʨʦʪʘʝʚʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ
1,2

, ʜ.ʬ.-ʤ.ʥ, ʩ.ʥ.ʩ., ʧʨʦʬʝʩʩʦʨ;  

ʊʫʨʯʠʥʦʚʠʯ ɸʥʥʘ ʆʣʝʛʦʚʥʘ
1
,ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

1 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʧʨ. ʂʘʨʣʘ 

ʄʘʨʢʩʘ, 20 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 630073, ʈʦʩʩʠʷ  
2 
 ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ 

ʉʆ ʈɸʅ, ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, 4/1, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʈʦʩʩʠʷ 

ʀʛʥʘʪʦʚɸ.ʉ. ,e-mail allex-ign@yandex.ru 

ʊʫʨʯʠʥʦʚʠʯɸ.ʆ.,e-mail golubevaa@ngs.ru 

ʂʦʨʦʪʘʝʚʘ ʊ.ɸ., e-mail korta@itam.nsc.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʀʛʥʘʪʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)749-19-70 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʚʦʜʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ, 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʘʪʤʦʩʬʝʨʳ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɺʦʟʜʫʰʥʳʝ ʩʫʜʘ; ʨʘʩʩʝʠʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ.  

 

1. ɺʚʝʜʝʥʠʝ 

ɽʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʘʪʤʦʩʬʝʨʫ. ʈʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʥʝʦʙʨʘʪʠʤʦ ʚʝʜʫʪ ʢ ʩʝʨʴʸʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʚʳʧʘʜʝʥʠʝ ʢʠʩʣʦʪʥʳʭ 

ʦʩʘʜʢʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʊʘʢ, ʚ 

ʧʝʨʠʦʜ ʩ 1980 ʧʦ 2001ʛ. ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ɽʚʨʘʟʠʠ ʚʳʨʦʩʣʦ ʙʦʣʝʝ ʯʝʤ ʥʘ 23% [1].  

ʉʣʦʞʠʚʰʘʷʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʧʦʩʣʫʞʠʣʘ ʧʦʚʦʜʦʤ ʜʣʷ ʤʠʨʦʚʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʟʜʫʭʘ ʢʘʢ ʥʘ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ 20-21 ʚʝʢʘ.  
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ʉʝʛʦʜʥʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʚʠʘʮʠʦʥʥʳʭ ʧʝʨʝʚʦʟʦʢ ʠ ʚʩʝʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʠʥʜʫʩʪʨʠʠ ʚ ʮʝʣʦʤ, ʚʦʟʨʦʩʣʦ ʚʣʠʷʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʦʪ 

ʘʵʨʦʧʦʨʪʦʚ: ʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʚʠʙʨʘʮʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʛʘʟʳ, ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʚ ʘʪʤʦʩʬʝʨʫ. ɺʳʭʣʦʧʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʨʝʜ 

ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʚʳʟʳʚʘʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʩʦʢʨʘʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. 

ʇʦʵʪʦʤʫ ʥʘ ʫʨʦʚʥʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʚ ʩʚʷʟʠ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʠ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʨʘʙʦʪʘʶʱʠʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ). ʕʪʦ ʩʚʷʟʘʥʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ï ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ: ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʪʦʧʣʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ 

ʧʦʣʦʩʳ (ɺʇʇ), ʵʪʘʧʳ ʜʚʠʞʝʥʠʷ ɺʉ, ʭʘʨʘʢʪʝʨ ʩʤʝʰʠʚʘʥʠʷ ʛʘʟʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤ 

ʚʦʟʜʫʭʦʤ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʠʢ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʸʥʥʳʝ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ.  

 

2.ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ ʜʣʷ ʨʘʩʯʸʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ. ʄʝʪʦʜʳ [2, 3, 4] 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʣʠʰʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʸʪʘ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ: ʵʢʨʘʥʥʳʡ ʵʬʬʝʢʪ ʚʟʣʸʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʪʨʫʡ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʩʪʨʫʠ, ʢʦʤʧʦʥʦʚʢʫ ʜʚʠʛʘʪʝʣʝʡ, ʜʚʠʞʝʥʠʝ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ɺʇʇ, 

ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʪ.ʜ. ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʘʥʠʪʴ ʨʷʜ ʦʪʤʝʯʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ [5, 

6]. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʙʦʪʝ [5] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʭʠʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʘʚʠʘʪʦʧʣʠʚʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʦʚ ʜʠʬʬʫʟʠʠ ʠ ʧʝʨʝʥʦʩʘ ʚʦʟʜʫʰʥʳʤʠ 

ʤʘʩʩʘʤʠ. 
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ʛʜʝ ( , , )x y tj  ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ (ʤʛ/ʤ
3
), ),(1 txu , ),(2 txu  ï 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʤ/ʩ), ( , , , )f t x yu  ï ʬʫʥʢʮʠʷ, ʟʘʜʘʶʱʘʷ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ, t  ï 

ʚʨʝʤʷ (ʩ), vï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ (ʤ/ʩ), 
yx kk , ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. 

ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʧʨʠʥʠʤʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʚ ʚʠʜʝ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʘʣʴʥʦʩʪʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ 
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ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʤʥʦʞʠʪʝʣʴ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʫʯʸʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ [7]. ʋʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʜʠʬʬʫʟʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʜʘʸʪ ʥʝ ʩʘʤʫʶ ʜʦʩʪʦʚʝʨʥʫʶ ʢʘʨʪʠʥʫ ʠ 

ʟʘʚʝʜʦʤʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʚʥʝʜʨʠʪʴ ʠʭ ʚ ʤʝʪʦʜʠʢʫ. 

 

3.ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ï ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʪʘʢ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ, 

ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʘʭ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ 

ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʢ 

ʪʝʨʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ [7]. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʃ. ʇʨʘʥʜʪʣʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥ ʚ ʚʠʜʝ:  

z

z

z

vv
kp

1

2
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ln

-
=c ,     (2) 

ʛʜʝ v2 ʠ v1 ï ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, z1, z2 ï ʚʳʩʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʣʠʩʴ ʩʢʦʨʦʩʪʠ, z 

ï ʫʨʦʚʝʥʴ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ɢ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʂʘʨʤʘʥʘ (ɢ=0,38). 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʰʝʨʦʭʦʚʘʪʳʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ (z0), ï ʫʨʦʚʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ (2) ʧʨʝʦʙʨʘʟʫʝʪʩʷ:  

z

z

z

v
kp

0

2

ln

c=  ,     (3) 

v ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʫʨʦʚʥʝ z. 

ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʪʘʢʠʭ ʵʪʘʧʘʭ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʛʦ ʮʠʢʣʘ ʢʘʢ ʚʟʣʸʪ, 

ʥʘʙʦʨ ʚʳʩʦʪʳ, ʟʘʭʦʜ ʥʘ ʧʦʩʘʜʢʫ, ʧʦʩʘʜʢʘ.  
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4.ɺʳʚʦʜʳ 

ɹʳʣ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ 

ʟʦʥʝ ʘʵʨʦʧʦʨʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʠʢʠ ʠʤʝʶʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʫʨʦʚʥʷ 

ʟʘʛʨʷʟʥʝʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ ʤʝʪʦʜʠʢʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ [5], ʙʦʣʝʝ ʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨ r

ʘʪʤʦʩʬʝʨʳ.  
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Abstract 

Methods of determination of level of concentration of the pollutants received 

from aircrafts in use are considered in work. The critical analysis of applicability of 

methods is carried out. Is proved need of improvement of methods. Approach which 

will allow to consider influences on the nature of distribution of pollution of thermal 

stratification of the atmosphere on which the coefficient of turbulent diffusion 

depends is offered. Use of dependences of coefficients of turbulent diffusion on a 

number of factors will allow to increase reliability of calculations for determination 

of level of pollution. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʪʴʝʚʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʞʝ ʙʳʣ 

ʨʘʩʰʠʨʝʥ ʜʠʘʧʘʟʦʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ (0,001; 0,0015; 0,005; 0,01; 0,05; 0,1 

ʤʘʩʩ. %) ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʠʘʧʦʟʦʥʘʭ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʫʨʝʪʘʥ, ʧʦʣʠʤʝʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, ʨʘʟʤʝʨ ʟʝʨʥʘ, ʩʠʥʪʝʟ. 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʫʨʝʪʘʥʳ (ʇʋ) ʦʭʚʘʪʳʚʘʶʪ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʧʦʣʠʤʝʨʦʚ, ʠʥʦʛʜʘ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ, ʩʪʨʦʝʥʠʝʤ ʮʝʧʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʥʦ ʥʝʠʟʤʝʥʥʦ ʩʦʜʝʨʞʘʱʠʭ ʫʨʝʪʘʥʦʚʳʝ ʛʨʫʧʧʳ -NHCOO-. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʦʣʠʫʨʝʪʘʥʳ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʩʦʙʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʨʝʟʠʥʳ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʢʘʫʯʫʢʦʚ, ʤʝʪʘʣʣʘ, 

ʧʣʘʩʪʠʢʘ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ 

ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʠʫʨʝʪʘʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚʝʟʜʝ, ʛʜʝ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʪʨʝʙʫʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ, ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ, 

ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʨʘʟʜʠʨʫ, ʩʦʯʝʪʘʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʪʚʝʨʜʦʩʪʴʶ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʠ ʣʠʪʴʝʚʳʝ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʵʣʘʩʪʦʤʝʨʳ ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʣʝʛʢʠʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʫʨʝʪʘʥʘʤʠ ʭʦʣʦʜʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚ ʛʦʨʷʯʝʛʦ ʨʘʩʧʣʘʚʘ ʦʛʨʘʥʠʯʝʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʫʨʝʪʘʥʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʈʘʥʝʝ ʚ ʩʪʘʪʴʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʦʚ, 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʍʦʣʣʘ-ʇʝʪʯʘ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʝ [1] 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʧʦʣʠʤʝʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʤʘʣʳʭ ʜʦʙʘʚʦʢ 

ʚʝʱʝʩʪʚ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʟʘʨʦʜʳʰʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʂʄ), ʥʘ ʦʩʥʦʚʝ ʇʋ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ (ʢʦʨʫʥʜ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ), ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʇʦʣʫʯʝʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 
ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʢʦʨʫʥʜʘ (d=60ʥʤ) ʧʦʣʫʯʘʣʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ (ʄʆ) ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ɸɻʆ-2.  

ʏʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʩʠʣʘʥʘ ʢʨʝʤʥʠʷ. 

ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʄʝʪʦʜʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʪʴʝʚʦʡ ʧʦʣʠʫʨʝʪʘʥ ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʧʦʣʠʤʝʨʘ ʉʂʋ ʇʌʃ-100 ʠ ʦʪʚʝʨʜʠʪʝʣʷ ʋʈɽʃʀʅʂ-107. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʇʋ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʂʄ ʥʘ ʦʩʥʦʚʝ ʇʋ: 

1 ï ʧʨʝʧʦʣʠʤʝʨ ʫʨʝʪʘʥʦʚʳʡ ʉʂʋ ʇʌʃ-100; 

2 ï ʥʘʧʦʣʥʠʪʝʣʴ (ʢʦʨʫʥʜ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ); 

3 ï ʦʪʚʝʨʜʠʪʝʣʴ ʋʨʝʣʠʥʢ-107; 

4 ï ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 

5 ï ʜʦʟʘʪʦʨ; 

6 ï ʚʘʢʫʫʤ ʢʘʤʝʨʘ; 

7 ï ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ; 

8 ï ʣʠʪʴʝʚʘʷ ʬʦʨʤʘ. 
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ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɸ (ʉʂʋ ʇʌʃ-100) ʠ ɹ (ʋʈɽʃʀʅʂ-107), 

ʨʘʟʦʛʨʝʪʳʝ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ (60
ʦ
ʉ ʠ 25

ʦ
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʤʝʰʠʚʘʶʪ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʝʛʘʟʘʮʠʝʡ ʚ ʚʘʢʫʫʤ-ʢʘʤʝʨʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʚʳʣʠʚʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʬʦʨʤʫ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʣʠʫʨʝʪʘʥʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100
ʦ
ʉ. 

ʅʘʧʦʣʥʠʪʝʣʠ ʚʚʦʜʠʣʠ ʚ ʞʠʜʢʠʡ ʧʨʝʧʦʣʠʤʝʨ ʥʘ ʩʪʘʜʠʠ ʩʤʝʰʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʥʪʝʟʘ ʃʇʋ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʠʪʩʷ 

ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʘʷ ʠʟʦʮʠʘʥʘʪʥʘʷ (NCO) ʛʨʫʧʧʘ, ʧʦ ʢʦʪʦʨʦʡ ʠʜʝʪ ʦʩʥʦʚʥʘʷ 

ʨʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘ ʩʚʦʡʩʪʚʘ ʇʋ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʤʝʥʝʝ 1 ʤʘʩʩ. % (0,0015; 0,005; 0,01; 0,05; 0,1 ʤʘʩʩ. %). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʠʩʭʦʜʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʣʠʪʴʝʚʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ. 

ʉʚʦʡʩʪʚʘ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʇʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 

 

ʊʘʙʣʠʮʘ 1 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 
ʊʚʝʨʜʦʩʪʴ, ʐʦʨ 

ɸ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʟʨʳʚʝ, ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, % 

1,09 94 28,1Ñ1,2 625,1Ñ16,3 

* ʇʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ï 25 ʤʤ
2
, ʜʣʠʥʘ ï 35 ʤʤ. 

 

ɺʚʝʜʝʥʠʝ ʚ ʇʋ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʢʦʨʫʥʜʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 1 ʤʘʩʩ. % 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʨʳʚʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ (ʨʠʩ. 2). 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ (33 ʄʇʘ) 

ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʢʦʨʫʥʜʘ (60 ʥʤ) ʚ ʢʦʣʠʯʝʩʪʚʝ 

0,05 ʤʘʩʩ.%, ʘ ʥʘʠʙʦʣʴʰʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʧʨʠ ʨʘʟʨʳʚʝ (775 %) ï 

0,005 ʤʘʩʩ.%. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʄ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʫʨʝʪʘʥʦʚ ʠ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʣʠʫʨʝʪʘʥʘ 

ʜʠʩʧʝʨʩʥʳʤ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ (ʥʘ 33%) 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,0015 ʤʘʩʩ.% ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʥʘ 26%) ï 0,005 ʤʘʩʩ.%. 

ʊʘʢ ʢʘʢ ʫʧʨʦʯʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʟʝʨʥʦ ʧʦʣʠʤʝʨʘ), ʘ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʢʨʫʛ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ 
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ʜʠʩʧʝʨʩʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʪʦ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʣʠʤʝʨʦʤ ʵʪʠʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ. 

 

 
 

ʈʠʩ. 2. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʄ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʦʛʦ 

ʢʦʨʫʥʜʘ 

 

 
 

ʈʠʩ. 3. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʄ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʦʛʦ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 
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ʂʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʚʝʨʦʷʪʥʝʝ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʣʫʯʰʝʡ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʢʦʨʫʥʜʘ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʂʄ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 2, 3. ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,005 ʤʘʩʩ. % ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʨʳʚʝ ʥʘ 29%, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʇʋ, ʘ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʢʦʨʫʥʜʳ ʧʨʠ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʥʘ 11%. 

ɺʳʚʦʜʳ 

1. ʀʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʣʠʪʴʝʚʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʘ, 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ). 

2. ʆʧʨʝʜʝʣʝʥʳ ʵʢʩʧʣʫʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 1 ʤʘʩʩ. %. 

3. ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

4. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʤʘʪʨʠʮʳ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ (ʜʦ 

33%), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʦʨʫʥʜʘ (ʜʦ 18 %). 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʨʝʮʝʧʪʫʨʘ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ 

ʚʠʜʝ ʥʘʥʦʧʦʨʦʰʢʘ SiO2. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʨʝʮʝʧʪʫʨʝ ʟʦʣʳ-ʫʥʦʩʘ ʫʛʦʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʪʝʢʦʣʴʥʳʭ 

ʦʪʭʦʜʦʚ, ʛʣʠʥʠʩʪʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠ ʥʘʥʦʧʦʨʦʰʢʘ SiO2.    

ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʠʟʛʠʙʝ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ. ʇʦʢʘʟʘʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘʥʦʜʦʙʘʚʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʆʧʨʝʜʝʣʝʥʳ ʣʫʯʰʠʝ ʨʝʮʝʧʪʫʨʳ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʭʦʜʦʚ, ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ, ʥʦ ʠ ʧʨʝʚʳʰʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊ.  

ʀʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʝʮʝʧʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʚʦ 

ʚʚʝʜʝʥʠʠ ʚ ʩʤʝʩʴ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʧʦʨʦʰʢʘ SiO2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʠʪʢʘ, ʪʚʝʨʜʳʝ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʪʭʦʜʳ, ʟʦʣʘ-ʫʥʦʩʘ, ʩʪʝʢʣʦʙʦʡ, ʥʘʥʦʤʦʜʠʬʠʮʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ 

1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
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ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʭ 

ʦʪʭʦʜʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʠʤʝʥʥʦ, ʟʦʣʦʰʣʘʢʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʊʕʎ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʦʣʦʰʣʘʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʫʞʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʦʣʦʙʝʪʦʥʘ ʠ ʟʦʣʦʢʠʨʧʠʯʘ [1], ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʭʦʡ ʟʦʣʳ-ʫʥʦʩʘ, ʦʩʘʞʜʘʝʤʦʡ 

ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʪ.ʢ. ʦʥʘ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ,  ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ɸʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ- ʫʥʦʩʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʣʳ-ʫʥʦʩʘ ʚ 

ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʝʸ ʚ 

ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʵʪʦ ʦʪʭʦʜ 

ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʪʦ ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʩʥʠʞʝʥʘ ʜʦ 30%. 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʮʝʧʪʫʨʘ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ [2], 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʳʨʴʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʫʭʘʷ 

ʩʤʝʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʩʦʩʪʦʷʣʘ ʠʟ ʟʦʣʳ-ʫʥʦʩʘ ʊʕʎ 3 ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢʘ 26é30 ʤʘʩʩ %, ʠʟʤʝʣʴʯʸʥʥʳʭ ʩʪʝʢʦʣʴʥʳʭ ʦʪʭʦʜʦʚ (ʩʪʝʢʣʦʙʦʷ) 

36é40 ʤʘʩʩ %, ʛʣʠʥʠʩʪʦʛʦ ʩʚʷʟʫʶʱʝʛʦ (ʙʝʥʪʦʥʠʪ, ʢʘʦʣʠʥ) 26é30 ʤʘʩʩ %, ʘ 

ʪʘʢʞʝ ʥʘʥʦʧʦʨʦʰʢʘ SiO2 (çʊʘʨʢʦʩʠʣè) 0é10 ʤʘʩʩ %. ʌʦʨʤʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʧʦʣʫʩʫʭʠʤ ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʙʘʚʣʝʥʠʷ ʩʪʝʢʣʦʙʦʷ ʧʦʣʫʯʘʣʘʩʴ ʥʦʚʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʪʭʦʜʳ 

ʩʚʷʟʳʚʘʣʠʩʴ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʤʘʪʨʠʮʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʟʦʣʝ, ʠʤʤʦʙʠʣʠʟʦʚʳʚʘʣʠʩʴ ʚ ʩʪʝʢʣʝ ʠ ʟʥʘʯʠʪ, ʥʝ ʙʫʜʫʪ 

ʧʨʦʷʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʠʭ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʸʥʥʘʷ, ʧʨʦʩʫʰʝʥʥʘʷ ʠ ʠʟʤʝʣʴʯʸʥʥʘʷ ʥʘ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʟʦʣʘ-ʫʥʦʩʘ ʊʕʎ-3 ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʘ ʪʘʢʞʝ ʟʦʣʘ-ʫʥʦʩʘ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʀʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʥʝʛʣʘʟʫʨʦʚʘʥʥʳʭ ʧʣʠʪʦʢ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ɻʆʉʊ [3]. ʕʢʩʧʝʨʠʤʝʥʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ [4]. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʘʥʘʣʠʟ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʧʦ ɻʆʉʊ [5], ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ SiO2 ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ SiO2 (ʧʨʦʮʝʥʪ ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʟʦʣʳ-ʫʥʦʩʘ, ʩʪʝʢʣʦʙʦʷ, ʛʣʠʥʳ) ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. ɺʠʜʥʦ, 
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ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʜʝʨʞʘʥʠʶ 

0,5...5% ʥʘʥʦʧʦʨʦʰʢʘ SiO2, ʚʳʰʝ ʚ 3-4 ʨʘʟʘ, ʯʝʤ ʙʝʟ ʥʘʥʦʜʦʙʘʚʢʠ. 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ("ʊʘʨʢʦʩʠʣ") 

ʥʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʜʦʙʘʚʢʦʡ ʚ 1,5 - 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʘʤʠ ʙʝʟ ʥʘʥʦʜʦʙʘʚʢʠ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʝʨʘʤʦʛʨʘʥʠʪʘ. 

ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʞʝʥʠʶ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʧʦʨʦʰʢʘ SiO2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ [5], ʘ 

ʣʫʯʰʠʝ ʨʝʮʝʧʪʫʨʳ ʩ ʚʚʝʜʝʥʠʝʤ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʩʪʨʦʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ [6], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʝʮʝʧʪʫʨʫ 

ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʩʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʠʪ ʜʣʷ ʧʦʣʘ. 

4. ɺʳʚʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ SiO2 ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʚʦʡʩʪʚʘ ʩʣʦʞʥʦʛʦ, ʩ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʛʣʠʥʘ), 

ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʩʪʝʢʣʦʙʦʡ ʠ ʟʦʣʘ-ʫʥʦʩʘ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʨʝʮʝʧʪʫʨʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ [7]. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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Abstract 
For investigation the impact of nano-sized additive SiO2 on ceramics products 

properties consists of fly ash (FA) of thermal power stations (TPS 3), ground waste 

glass (GWG) and clay (bentonite) was carry out research of physical and 

mechanical properties of obtained samples. During to experiments was determined 

bending strength, unconfined compressive strength (UCS), water absorption, deep 

abrasion, frost resistance and acid resistance of experimental samples. As a result, 

the best formulations of ceramic tiles that meet the requirements of GOSTs have 

been identified, as well as having increased frost resistance, compressive strength, 

as compared to samples from natural raw materials. The positive effect of 

nanoadditives on the physical and mechanical samples properties was found. 

The innovation of the invention is used in a ratio of components as well as the 

introduction of the powder. The process of experimental specimens obtaining is 

similar to a classic ceramic tile technology. 

Keywords 

fly ash ceramics; slag waste; fly ash; glass; nanopowder silicium dioxide; 

ceramic tile; ground waste glass. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʝʛʠʜʨʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʤʦʥʦʤʝʨʦʚ. ɺ ʩʚʷʟʠ ʞʝʩʪʢʠʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʩ ʧʦʤʦʱʴʶ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 

ʦʢʩʠʜʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ MgO. ʇʦʣʫʯʝʥʥʳʝ ʦʢʩʠʜʥʳʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʢʩʝʨʦʛʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʢʩʠʜʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ, ʧʦʛʣʦʱʘʷ ʚʦʜʦʨʦʜ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ɺʘʨʴʠʨʫʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʚʳʭʦʜ 

ʮʝʣʝʚʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ  

ʋʛʣʝʚʦʜʦʨʦʜʳ; ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ; ʘʢʮʝʧʪʦʨ ʚʦʜʦʨʦʜʘ; ʦʢʩʠʜ ʤʘʛʥʠʷ; ʟʦʣʴ-

ʛʝʣʴ ʩʠʥʪʝʟ. 

1. ɺʚʝʜʝʥʠʝ  

ʇʨʦʮʝʩʩʳ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʘʣʢʘʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʳʨʴʷ 

ʜʣʷ ʪʘʢʠʭ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢʘʢ ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʘʫʯʫʢʠ ʠ ʜʨ. ʆʜʥʘʢʦ ʨʝʘʢʮʠʠ ʦʪʱʝʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʩʠʣʴʥʦ 

ʵʥʜʦʪʝʨʤʠʯʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʘ [2-4]. ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʵʢʟʦʪʝʨʤʠʯʥʳ, ʠ ʧʦʟʚʦʣʷʶʪ 
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ʧʨʦʚʦʜʠʪʴ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʧʨʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ, 

ʧʨʠ ʵʪʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ, 

ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʆʧʠʩʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʙʫʞʜʘʶʪ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʮʝʩʩʘ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʘ ï ʦʢʩʠʜʦʚ d-ʵʣʝʤʝʥʪʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʚʦʜʦʨʦʜʦʤ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʤʝʱʘʶʱʠʭ ʨʘʚʥʦʚʝʩʠʝ ʮʝʣʝʚʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʤʦʥʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʚʦʜʠʪ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʨʘʟʨʷʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʝʘʢʪʦʨʳ, ʚ ʦʜʥʦʤ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ, ʚ ʜʨʫʛʦʤ ï ʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʨʝʛʝʥʝʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʛʨʝʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʝʛʦ ʩʧʝʢʘʥʠʝ, ʯʝʛʦ ʠʟʙʝʛʘʶʪ, 

ʜʦʙʘʚʣʷʷ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʥʝʨʪʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʤʝʥʘ ʨʘʟʙʘʚʠʪʝʣʷ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ï ʘʢʮʝʧʪʦʨʦʤ ʚʦʜʦʨʦʜʘ, 

ʩʚʷʟʘʥʥʳʤ ʚ ʤʘʪʨʠʮʫ ʦʢʩʠʜʘ ʤʘʛʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʮʝʧʪʦʨ ʨʝʘʛʠʨʫʝʪ ʩ 

ʚʦʜʦʨʦʜʦʤ [5-7], MgO ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʢʮʝʧʪʦʨʘ ʚʦʜʦʨʦʜʘ. ɹʦʣʝʝ ʪʦʛʦ, ʦʢʩʠʜ ʤʘʛʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʧʷʪʩʪʚʫʷ ʩʧʝʢʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʛʝʥʝʨʘʮʠʷ 

ʠʩʭʦʜʥʦʡ (ʦʢʠʩʣʝʥʥʦʡ) ʬʦʨʤʳ ʩʠʩʪʝʤʳ-ʘʢʮʝʧʪʦʨʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ 

ʩʪʘʜʠʠ ʦʪʞʠʛʘ ʢʦʢʩʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʦʚ 

ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ. ɽʛʦ ʢʣʶʯʝʚʳʤʠ ʩʪʘʜʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʛʦ ʢʦʣʣʦʠʜʘ ï ʟʦʣʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʰʠʚʘʥʠʝʤ ʝʛʦ ʚ ʪʨʸʭʤʝʨʥʫʶ ʩʝʪʢʫ ʛʝʣʷ [8]. ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʜʸʞʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʣʫʯʘʝʤʦʡ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ MOx-MgO (ʛʜʝ M ï Cu, Ni, Fe, Co, Mo, 

W). ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʦʢʠʩʣʝʥʠʷ-

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘʢʮʝʧʪʦʨ ʚʦʜʦʨʦʜʘ ʨʘʙʦʪʘʝʪ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ, ʧʦʛʣʦʱʘʷ 

ʚʦʜʦʨʦʜ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʚʘʨʴʠʨʫʷ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚʘ ʘʢʮʝʧʪʦʨʘ ʚʦʜʦʨʦʜʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [9]. 

 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʅʘʚʝʩʢʫ ʤʘʛʥʠʝʚʦʡ ʣʝʥʪʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʠʟʙʳʪʢʝ ʤʝʪʘʥʦʣʘ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʳʜʝʨʞʠʚʘʣʠ 

ʦʜʠʥʘʢʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʪʦʣʫʦʣ ʚ ʢʘʯʝʩʪʚʝ ʛʝʣʴ-
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ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚ ʦʙʲʸʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʦʣ : ʪʦʣʫʦʣ = 1 : 1, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʟ, ʧʨʠʢʘʧʳʚʘʷ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦʣʠ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʣʦʠʜʳ ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʨʦʢʘʣʠʚʘʣʠ. 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʦʢʩʠʜʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʷʜʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʦʨʙʮʠʝʡ ʘʟʦʪʘ, ʈʌɸ, ʉʕʄ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ 

ʤʘʛʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʙʦʣʝʝ 100 ʤ
2
/ʛ) ʠ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʸʤʘ ʧʦʨ (ʪʘʙʣ. 1). ɼʦʙʘʚʣʝʥʠʝ 

ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʥʠʞʘʝʪ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʚ 1,5-2 

ʨʘʟʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ ʩ ʚʦʣʴʬʨʘʤʦʤ (ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ MoO3-MgO, ʜʣʷ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʣʠ ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ. ʀʟ ʪʘʙʣʠʮʳ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʧʦʨ. 

 

ʊʘʙʣʠʮʘ 1 - ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ 

(ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ɹʕʊ). 

ʆʙʨʘʟʝʮ A, ʤ
2
/ʛ Vʧʦʨ, ʩʤ

3
/ʛ Dʧʦʨ ʩʨ, ¡ 

MgO 243 0,97 61 

WO3-MgO 212 0,95 180 

Fe2O3-MgO 120 0,70 233 

MoO3-MgO 342 1,30 153 

Co3O4-MgO 113 0,64 225 

NiO-MgO 154 0,72 189 

CuO-MgO 125 1,03 331 

 

ʅʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʪʯʸʪʣʠʚʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʫ ʤʘʛʥʠʷ. ʇʘʨʘʤʝʪʨ ʨʝʰʸʪʢʠ MgO 

ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʝʥ (ʜʣʷ ʧʝʨʠʢʣʘʟʘ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 4,13 ¡), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʭʦʞʜʝʥʠʠ ʚ ʥʝʸ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ʚʪʦʨʦʛʦ 

ʤʝʪʘʣʣʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʪʦʨʦʡ ʬʘʟʳ. 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʛʨʘʬʠʢʘʭ ʦʪʯʸʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʦʢʩʠʜʘ ʤʘʛʥʠʷ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʘʭ: 

1) ʉʚ̫ʟrʚʘʥʠʝ ʙʦӢʣɹ ʝhʡ ʯʘʩʪʠ ʚʪʦʨʦʛʦ ʦʢʩʠʜʘ ʚ ʤʘʪʨʠʮʫ MgO, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʠ 

ʩʤʝʱʝʥʠʶ ʦʙʣʘʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ;  

2) ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʚ ʤʘʪʨʠʮʫ MgO ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʣʝʛʯʝʥʠʶ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʨʦʜʦʤ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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ʈʠʩ. 1. ʇʨʦʬʠʣʠ ʊʇɺ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʙʠʥʘʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʨʝʛʝʥʝʨʘʮʠʠ 

ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʚ ʮʠʢʣʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ-

ʦʢʠʩʣʝʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤ ʤʦʛʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ, 

ʮʠʢʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʚʩʝʭ ʰʝʩʪʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʙʠʥʘʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʫʞʝ ʩʦ 

ʚʪʦʨʦʛʦ (ʜʣʷ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʡ ʩʠʩʪʝʤʳ ï ʩ ʧʝʨʚʦʛʦ) ʮʠʢʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ-

ʦʢʠʩʣʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Co3O4-MgO ʠ NiO-MgO) ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʪʦʨʦʛʦ ʦʢʩʠʜʘ ʩ MgO ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʜʦ 700 
ƺ
ʉ. 

4. ɺʳʚʦʜʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʩʠʩʪʝʤʘ-ʘʢʮʝʧʪʦʨ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ, ʧʦʛʣʦʱʘʷ ʚʦʜʦʨʦʜ 

ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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Abstract  
Dehydrogenation of hydrocarbons is one of the alternative approaches to obtain the 

industrially important monomers. In accordance with strong thermodynamic 

limitations of this process, a search for methods of efficiency improvement is of 

special importance. In present work, two-component oxide systems based on MgO 

were synthesized using sol-gel technique. Resulted oxide and intermediate xerogel 

samples were studied by a set of physicochemical methods. It was shown that 

starting from second cycle of oxidation-reduction the oxide system begins to work 

in a steady-state mode, accepting the hydrogen at the same temperature range. 

Variation of qualitative and quantitative composition of two-component oxide 

system allows one to accept hydrogen at conditions of hydrocarbon 

dehydrogenation, thus significantly improving the yield of target monomers. 
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oxide; Solïgel synthesis  

mailto:karnaukhovtm@catalysis.ru
mailto:vedyagin@catalysis.ru


 
 

225 
 

ʋɼʂ 504.05 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆɻɽʅʅʓʍ ʆʊʍʆɼʆɺ ɼʃʗ ʉʆɿɼɸʅʀʗ 

ʕʂʈɸʅʆɺ ʇʆ ɿɸʑʀʊɽ ʇʆʏɺ ʆʊ ʈɸɿʃʀɺʆɺ ʅɽʌʊʀ 

 

ʂʦʯʝʛʘʨʦʚʘ ʂʩʝʥʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ  

ʃʘʨʠʯʢʠʥʘ ʅʘʪʘʣʴʷ ʀʣʣʘʨʠʦʥʦʚʥʘ, ʢ.ʛ.-ʤ.ʥ., ʜʦʮʝʥʪ  

ʃʘʨʠʯʢʠʥ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. +7 (383) 346-50-31 

ʂʦʯʝʛʘʨʦʚʘ ʂ.ɺ., e-mail: feuerfuchs@list.ru 

ʃʘʨʠʯʢʠʥʘ ʅ.ʀ., e-mail larichkina@corp.nstu.ru 

ʃʘʨʠʯʢʠʥ ɺ. ɺ., e-mail larichkin@corp.nstu.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʃʘʨʠʯʢʠʥʘ ʅʘʪʘʣʴʷ ʀʣʣʘʨʠʦʥʦʚʥʘ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʢʘʬʝʜʨʘ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ 

630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʢʘʬʝʜʨʘ ʀʇʕ 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʠʚ ʥʝʬʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʉ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʥʝʬʪʠ ʚ ʧʨʠʨʦʜʥʳʝ ʛʝʦʩʬʝʨʳ ʚ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ: ʟʦʣʳ-ʫʥʦʩʘ, ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʠ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ï ʙʝʥʪʦʥʠʪʘ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ 

ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʝʛʢʦʡ ʥʝʬʪʠ ʚ ʛʨʫʥʪ ʚ 7 ʨʘʟ, ʘ ʥʝʬʪʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚ 13 

ʨʘʟ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʣʠʪʦʩʬʝʨʫ ʟʝʤʣʠ, ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ, ʟʘʥʷʪʳʭ ʧʦʜ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʵʪʠʭ ʦʪʭʦʜʦʚ, ʠ 

ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʃʸʛʢʘʷ ʠ ʪʷʞʸʣʘʷ ʥʝʬʪʴ, ʨʘʟʣʠʚʳ ʥʝʬʪʠ, ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʵʢʦʣʦʛʠʷ, ʧʦʯʚʘ, ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ, ʟʦʣʘ-ʫʥʦʩʘ, ʜʨʝʚʝʩʥʳʝ 

ʦʧʠʣʢʠ, ʙʝʥʪʦʥʠʪ, ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ. 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʢʘʞʜʳʡ ʛʦʜ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʈʌ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʦʣʦ 10 000 ʘʚʘʨʠʡ, ʠʟ-ʟʘ ʯʝʛʦ ʨʦʩʩʠʡʩʢʫʶ ʥʝʬʪʷʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʛʨʷʟʥʳʭ ʚ ʤʠʨʝ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝʬʪʠ ʧʦʧʘʚʰʝʡ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ 

ʊʘʙʣʠʮʘ 1 - ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʣʠʚʘʭ ʥʝʬʪʠ 

ʀʩʪʦʯʥʠʢ ɼʘʥʥʳʝ 

ʅʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʠ 5000 ʪʦʥʥ 

ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨ 17 000 ʪʦʥʥ 

ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ (ɽ.ʉ. ɼʦʥʩʢʦʡ) 1,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ 
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ʇʨʠ ʵʪʦʤ  97%  ʚʩʝʭ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʚ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʦ ʩ 

ʢʦʨʨʦʟʠʝʡ ʪʨʫʙ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʠʟʥʦʰʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʥʦʛʠʤ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʙʦʣʴʰʝ 30 ʣʝʪ, ʪʦʛʜʘ ʢʘʢ ʙʝʟʘʚʘʨʠʡʥʳʡ ʧʝʨʠʦʜ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10é20 ʣʝʪ [1].  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠʩʧʦʣʴʟʫʶʪ 

ʵʢʨʘʥʳ, ʩʦʦʨʫʞʘʝʤʳʝ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʦʙʳʯʥʳʤ ʛʣʠʥʠʩʪʳʤ ʵʢʨʘʥʘʤ ʜʦʙʘʚʣʷʪʴ 

ʪʚʝʨʜʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ, ʘ ʠʤʝʥʥʦ, ʟʦʣʫ-ʫʥʦʩʘ ʫʛʦʣʴʥʳʭ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʦʩʘʞʜʘʝʤʫʶ ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʠ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ. 

ʉʦʟʜʘʥʠʝ ʵʢʨʘʥʘ ʩ ʪʘʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʟʘʱʠʪʫ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʳʛʦʜʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʦʪ 

ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʙʳʣ ʙʳ ʚʧʠʪʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʬʪʠ 

ʠ ʩʥʠʟʠʪʴ ʛʣʫʙʠʥʫ ʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʧʦʯʚʫ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ 

ʥʝʬʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʝʤʫ ʛʨʫʧʧʦʚʦʤʫ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤʫ ʩʦʩʪʘʚʫ [2]. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʬʪʴ ɺʝʨʭ-ʊʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (0,815 ʛ/ʩʤ
3
), ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʦʚ (ʙʦʣʝʝ 10 %) ʠ 

ʙʝʥʟʠʥʦʚ (20-30 %). ɺʦ-ʚʪʦʨʳʭ, ʘʨʦʤʘʪʠʢʦ-ʥʘʬʪʝʥʦʚʦ-ʤʝʪʘʥʦʚʘʷ ʥʝʬʪʴ ʖʞʥʦ 

ï ʗʛʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʩʬʘʣʴʪʦʚʦ-ʩʤʦʣʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʤʝʶʱʘʷ ʩʨʝʜʥʫʶ ʧʣʦʪʥʦʩʪʴ (0,86 

ʛ/ʩʤ
3
). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʬʪʝʡ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʃʝʛʢʠʝ 

ʥʝʬʪʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʧʘʨʘʬʠʥʦʚ. ʇʦʧʘʜʘʥʠʝ ʠʭ ʚ ʧʦʯʚʫ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʥʘ ʜʦʣʛʠʡ ʩʨʦʢ ʝʝ ʚʣʘʛʦʦʙʤʝʥʘ. ʇʘʨʘʬʠʥʳ ʦʧʘʩʥʳ ʜʣʷ ʧʦʯʚʳ, ʪʝʤ, ʯʪʦ, ʠʤʝʷ 

ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ, ʦʥʠ ʧʨʦʯʥʦ ʟʘʢʫʧʦʨʠʚʘʶʪ ʧʦʨʳ ʠ ʢʘʥʘʣʳ 

ʧʦʯʚʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʤʠ ʩʨʝʜʘʤʠ. ɸʩʬʘʣʴʪʦʚʦ-ʩʤʦʣʠʩʪʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʯʝʥʴ ʭʦʨʦʰʦ 

ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʯʚʫ ʠ, ʘʜʩʦʨʙʠʨʫʷʩʴ, ʧʦʚʳʰʘʶʪ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, 

ʧʨʝʧʷʪʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢ ʢʦʨʥʷʤ 

ʨʘʩʪʝʥʠʡ ʠ ʨʝʟʢʦ ʩʥʠʞʘʷ ʝʸ ʚʦʟʜʫʭʦ- ʠ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ [3, 4]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʥʠʟʢʦʢʘʣʴʮʠʝʚʘʷ ʟʦʣʘ ï ʫʥʦʩʘ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ 

(ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 0,1 ʤʤ), ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʙʝʥʪʦʥʠʪ 

ʠ ʬʨʘʢʮʠʷ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 0,5 ʤʤ. 

ɺʳʙʦʨ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʩʭʦʜʩʪʚʦʤ ʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʩʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʞʠʜʢʦʩʪʝʡ [5]. ɿʦʣʘ - ʫʥʦʩʘ ʫʚʝʣʠʯʠʚʘʝʪ ʚʧʠʪʳʚʘʝʤʦʩʪʴ ʞʠʜʢʠʭ 

ʬʣʶʠʜʦʚ ʥʘ 15-20 %. ɹʝʥʪʦʥʠʪ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʪʨʫʢʪʫʨʥʳʤ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʙʫʭʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʬʣʶʠʜʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ, ʘ ʦʧʠʣʢʠ 

ʜʦʣʞʥʳ ʧʨʠʜʘʪʴ ʙʦʣʴʰʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʟʘʱʠʪʥʦʤʫ ʵʢʨʘʥʫ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʢʦʣʦʥʥ 

ʚʳʩʦʪʦʡ 80 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ 6,5 ʩʤ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1 - ɺʥʝʰʥʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

1 - ʢʦʣʦʥʥʘ; 2 ï ʜʝʨʞʘʪʝʣʴ ʢʦʣʦʥʥʳ; 3 ï ʜʥʦ ʩ ʦʪʚʝʨʩʪʠʝʤ 

 

ʆʙʝ ʢʦʣʦʥʥʳ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʩʣʦʝʤ ʟʝʤʣʠ ʚʳʩʦʪʦʡ 50 ʩʤ (ʤʘʩʩʘ ʟʝʤʣʠ 

ʩʦʩʪʘʚʣʷʣʘ ~ 2,5 ʢʛ). ʆʜʥʘ ʠʟ ʢʦʣʦʥʥ ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʟʘʱʠʪʥʳʤ ʵʢʨʘʥʦʤ 

ʚʳʩʦʪʦʡ 12 ʩʤ. ʕʢʨʘʥ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʩʣʦʝʚ. ʅʠʞʥʠʡ ʩʣʦʡ ʚʳʩʦʪʦʡ 4 ʩʤ 

ʧʨʝʜʩʪʘʚʣʷʣ ʠʟ ʩʝʙʷ ʩʤʝʩʴ ʙʝʥʪʦʥʠʪʘ ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʦʡ ʟʦʣʳ ï ʫʥʦʩʘ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ( ʧʦ ʤʘʩʩʝ), ʘ ʚʝʨʭʥʠʡ ï ʩʤʝʩʴ ʟʦʣʳ ï ʫʥʦʩʘ ʠ ʜʨʝʚʝʩʥʳʭ 

ʦʧʠʣʦʢ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 10:1. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʜʚʫʭ ʢʦʣʦʥʥʘʭ ʧʨʦʚʦʜʠʣʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. ɺ ʢʘʞʜʫʶ 

ʢʦʣʦʥʥʫ ʧʦʨʮʠʦʥʥʦ ʜʦʙʘʚʣʷʣʘʩʴ ʥʝʬʪʴ ɺʝʨʭ ï ʊʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʥʘʧʦʨʘ ʚ 2 ʩʤ ʥʘʜ ʫʨʦʚʥʝʤ ʵʢʨʘʥʘ ʠ ʧʦʯʚʳ. ʇʨʠ ʵʪʦʤ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʨʝʤʷ ʠ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʚ ʧʦʯʚʫ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʥʝʬʪʴʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʖʞʥʦ ï ʗʛʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 3). 

ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʢʦʣʦ 250 ʤʣ ʥʝʬʪʠ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʥʝʬʪʴʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʙʝʟ ʵʢʨʘʥʘ, 

ʪʘʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʩʝʛʦ 75 ʤʣ ʥʝʬʪʠ. 

˭͊΅͙ͭͤ·͚ Ήͪ͊ͤ͟ 
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ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʝʛʢʦʡ ʥʝʬʪʠ ʚ ʧʦʯʚʫ ʚ ʪʝʯʝʥʠʝ 47 

ʜʥʝʡ 

 

 

 
ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʧʦʯʚʫ ʚ ʪʝʯʝʥʠʝ 76 ʜʥʝʡ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚ ʧʦʯʚʫ ʥʝʬʪʝʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʘʥʘʣʠʟ 

ʀʟ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʚʠʜʥʦ, ʯʪʦ ʚ ʢʦʣʦʥʥʫ ʙʝʟ 

ʵʢʨʘʥʘ ʥʝʬʪʴ ʧʨʦʥʠʢʘʣʘ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʢʦʣʦʥʥʫ ʩ ʵʢʨʘʥʦʤ. ɿʘ ʧʝʨʚʳʝ 

8 ʯʘʩʦʚ 250 ʤʣ ʥʝʬʪʠ ʧʨʦʩʦʯʠʣʦʩʴ ʚ ʧʦʯʚʫ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ. ʊʦʛʜʘ ʢʘʢ 

ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʟʘʤʝʜʣʠʣ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʝʬʪʠ. ʆʥʘ ʧʨʦʥʠʢʣʘ ʚ ʧʦʯʚʫ ʚʩʝʛʦ 

ʥʘ 0,5 ʩʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʣʝʛʢʦʡ ʥʝʬʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʙʝʥʟʠʥʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʯʚʫ. ɺ ʟʘʱʠʪʥʦʤ ʵʢʨʘʥʝ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʩʫʪʩʪʚʠʶ ʙʝʥʪʦʥʠʪʘ ʠ ʟʦʣʳ-ʫʥʦʩʘ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʝʩʥʳʭ 

y = 7,6462ln(x) + 7,6018 

RĮ = 0,9335 

y = 7,65ln(x) + 33,896 

RĮ = 0,9515 
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ɺʨʝʤʷ, ʩʫʪ 

ʂʦʣʦʥʥʘ ʩ ʵʢʨʘʥʦʤ ʩ ʟʦʣʦʡ ʊʕʉ - 4 ʂʦʣʦʥʥʘ ʙʝʟ ʵʢʨʘʥʘ 

y = 0,0525x + 0,9247 

RĮ = 0,8962 

y = 6,7183x0,1897 

RĮ = 0,984 
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ʦʧʠʣʦʢ, ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʬʣʶʠʜʳ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʵʪʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʥʝʤ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʯʚʫ ʙʝʟ ʵʢʨʘʥʘ ʥʝʬʪʴ 

ʧʨʦʩʦʯʠʣʘʩʴ ʟʘ 9 ʜʥʝʡ ʥʘ ʛʣʫʙʠʥʫ 50 ʩʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʯʚʫ, ʟʘʱʠʱʝʥʥʫʶ 

ʵʢʨʘʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʩʦʩʪʘʚʠʣʘ 37 ʩʤ, ʘ 

ʚʨʝʤʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʩʦʩʪʘʚʠʣʦ 47 ʜʥʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʥʝʬʪʴʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ (ʨʠʩ. 3) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʦʯʚʫ ʙʝʟ ʵʢʨʘʥʘ ʥʝʬʪʴ ʧʨʦʰʣʘ ʥʘ ʛʣʫʙʠʥʫ 12 ʩʤ ʟʘ 16 ʜʥʝʡ, ʘ ʚ ʧʦʯʚʫ, 

ʟʘʱʠʱʝʥʥʫʶ ʵʢʨʘʥʦʤ ï ʥʘ 4,5 ʩʤ ʟʘ 76 ʜʥʝʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʥʝʬʪʷʭ ʩʨʝʜʥʝʡ ʠ ʦʩʦʙʝʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʩʬʘʣʴʪʦʚʦ-ʩʤʦʣʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʚ 

ʩʣʦʝ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʮʝʤʝʥʪʠʨʫʶʪ ʝʛʦ. ʆ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʣʦʡ ʥʝʬʪʠ  ʥʘʜ ʵʢʨʘʥʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʨʘʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪ ʛʣʫʙʠʥʫ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʧʦʯʚʫ. 

4. ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʣʦʝʚ: 

ʥʠʞʥʝʛʦ ʚʳʩʦʪʦʡ 4 ʩʤ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʤʝʩʠ ʙʝʥʪʦʥʠʪʘ ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʦʡ 

ʟʦʣʳ ï ʫʥʦʩʘ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʧʦ ʤʘʩʩʝ), ʠ ʚʝʨʭʥʝʛʦ ï ʠʟ ʟʦʣʳ ï ʫʥʦʩʘ, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 10:1. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʯʚʫ ʣʝʛʢʦʡ 

ʥʝʬʪʠ ʚ 7 ʨʘʟ, ʘ ʥʝʬʪʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚ 12,7 ʨʘʟʘ; 

- ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʵʢʨʘʥ ʩʧʦʩʦʙʝʥ ʥʝ ʪʦʣʴʢʦ ʚʧʠʪʳʚʘʪʴ ʬʣʶʠʜʳ, ʥʦ ʠ 

ʫʜʝʨʞʠʚʘʪʴ ʠʭ ʚʥʫʪʨʠ, ʩʦʟʜʘʚʘʷ ʥʘʜʝʞʥʫʶ ʧʨʝʛʨʘʜʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʩʘʯʠʚʘʥʠʷ ʥʝʬʪʠ ʚ ʧʦʯʚʫ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɼʦʢʣʘʜʳ ɻʨʠʥʧʠʩ ʧʦ ʧʨʦʙʣʝʤʝ ʥʝʬʪʝʨʘʟʣʠʚʦʚ. ɻʨʠʥʧʠʩ 

ʈʦʩʩʠʠ: http://www.greenpeace.org/russia/ru/campaigns/oil-spills/ 

2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʪʝʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ / ʆ.ʌ. ɹʝʡʢʦ, ɸ.ʂ. ɻʦʣʦʚʢʦ, 
ʃ.ɺ. ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ. - ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ. ʉʠʙ. ʦʪʜʝʣʝʥʠʝ, 1988. - 288 ʩ. 

3. ɼʨʫʛʦʚ ʖ.ʉ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʨʠ ʨʘʟʣʠʚʘʭ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 
ï ʉ.-ʇʙ., ʀʟʜ-ʚʦ çɸʥʘʪʦʣʠʷè, 2000 ï 250 ʩ. 

4. ʉʫʤʠʥʘ ʆ.ʀ. ʊʝʭʥʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʫʥʜʨʦʚʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ /ʆ.ʀ ʉʫʤʠʥʘ - ʉʇʙ.: ʉʇʙ ɻʋ, 1992. 

- 43 ʩ. 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ / ʆ.ɸ. ɻʫʨʝʝʚʘ, ʄ.ɸ. ʂʦʟʣʦʚ, ʅ.ʀ. ʃʘʨʠʯʢʠʥʘ // ʅʘʫʢʘ. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʆʙʦʨʦʥʘ : ʪʨʫʜʳ XIII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ, ï 

ʅʦʚʦʩʠʙʠʨʩʢ, ʀʟʜ-ʚʦ ʅɻʊʋ, 2012. ï ʉ. 158-160.  



 
 

230 
 

USE OF TECHNOGENIC WASTE FOR CREATION OF SCREENS 

ON PROTECTION OF SOILS AGAINST OIL SPILLS  

 

Kochegarova Ksenia Vladimirovna, student,  e-mail: feuerfuchs@list.ru 

Larichkin Vladimir Viʩtorovich, Dr.Sci.Tech., professor,  

                                                         e-mail: larichkin@corp.nstu.ru 

Larichkina Natalya Illarionovna, Ph.D, associate professor  

                                                          larichkina@corp.nstu.ru 

Novosibirsk State Technical University, department of engineering 

environmental problems  

Karl Marx Ave., 20, Novosibirsk, 630073 Russia ph. +7 (383) 346-50-31 

Abstract 
At production and transportations of oil there is an oil spill on a surface that 

leads to pollution of soils and a surface water. For the purpose of prevention of hit 

of oil in natural geospheres in work on the basis of technogenic waste: ashes 

ablation, wood sawdust and natural material ï bentonite, the effective and economic 

filter has been developed. On the one hand he allows to reduce the speed of 

penetration of light crude into soil by 7 times, and oil of average density by 13 

times. On the other hand, use of technogenic waste considerably reduces 

technogenic load of an earth lithosphere, reduces the number of the fertile lands 

occupied under tailings dams of this waste and reduces risk of pollution of ground 

waters. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʣʘʪʠʥʦʠʜʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʧʨʦʚʝʣʠ ʜʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ (NH3+O2). ʄʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ Pt. ʆʙʥʘʨʫʞʝʥʘ ʨʘʟʣʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʛʨʘʬʠʪʦʦʙʨʘʟʥʘʷ ʧʣʸʥʢʘ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʨʘʩʪʫʪ ʟʸʨʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 10-200 ʤʢʤ. 

ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʘʤʤʠʘʢʘ ʩ ʚʦʟʜʫʭʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʛʨʘʬʠʪʦʦʙʨʘʟʥʘʷ 

ʧʣʸʥʢʘ ʪʘʢʞʝ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʢʠʩʣʦʨʦʜ ʚʥʝʜʨʷʝʪʩʷ ʥʘ ʤʝʞʟʸʨʝʥʥʳʭ 

ʛʨʘʥʠʮʘʭ, ʜʠʩʣʦʢʘʮʠʷʭ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʘʭ. ʈʝʘʢʮʠʷ ʘʤʤʠʘʢʘ ʩ ʚʥʝʜʨʸʥʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʧʝʨʝʛʨʝʚʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʜʝʬʝʢʪʦʚ, ʯʪʦ ʚʝʜʸʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʞʟʸʨʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʥʝʛʣʫʙʦʢʠʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʚʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʦʣʴʛʠ 

ʧʣʘʪʠʥʳ; ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ; ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ. 
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1. ɺʚʝʜʝʥʠʝ 

ʆʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʚʦʟʜʫʭʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ [1]. ʊʘʢʞʝ ʧʣʘʪʠʥʦʚʳʝ 

ʤʝʪʘʣʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʣʦʛʠʠ ʜʣʷ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ [2]. ʂʘʪʘʣʠʟʘʪʦʨʦʤ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʷʚʣʷʶʪʩʷ 

ʧʣʘʪʠʥʦʠʜʥʳʝ ʩʝʪʢʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʪʠʥʳ. ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʛʣʫʙʦʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʝʪʦʢ (ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ), ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʧʣʘʪʠʥʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 

[3-5]. ɺ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʜʩʦʨʙʘʪʦʚ [3-4] ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʦʢʩʠʜʦʚ ʧʣʘʪʠʥʳ (PtO2 ʠ 

ʜʨ.) [5]. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʣʘʪʠʥʦʠʜʥʳʭ 

ʩʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ, ʧʨʦʚʦʜʠʣʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʪʠʥʦʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ (NH3+O2).  

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ Pt ʩ ʨʘʟʤʝʨʦʤ 10 ʭ 5 ʭ 0,04 ʤʤ. ʆʪʞʠʛ ʦʙʨʘʟʮʦʚ ʚ ʢʠʩʣʦʨʦʜʝ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʪʦʯʥʦʤ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʚ ʧʦʪʦʢʝ (21,5%O2, 78,5%He) ʧʨʠ 

ʜʘʚʣʝʥʠʠ 1 ʘʪʤ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 1,5 ʣ/ʯ ʠ ʊ = 1133 ʠ 1400 ʂ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ NH3 ʢʠʩʣʦʨʦʜʦʤ ʧʨʦʚʦʜʠʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 

11,2 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (~10%NH3 ʚ ʚʦʟʜʫʭʝ) 880ï

890 ʣ/ʯ, ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 1133 ʂ ʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ 3,6 ʘʪʤ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) JSM-6460 LV (Jeol). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʤʝʥʷʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʡ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ (ʕɼʉ) INCA Energy-350 (Oxford 

Instruments).  

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

Pt(poly), ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ O2 ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ ʊ = 1133 ʠ 1400 ʂ ʠ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 10%NH3 ʚ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠ ʊ = 1133 ʂ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ O2 ʧʨʠ ʊ = 1133 ʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʟʸʨʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʠ ʯʸʪʢʠʝ ʤʝʞʟʸʨʝʥʥʳʝ ʛʨʘʥʠʮʳ (ʈʠʩ. ʘ, ʙ). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʤʠʢʨʦʩʥʠʤʢʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 3 000 ʢʨʘʪ ʭʦʨʦʰʦ ʚʠʜʥʳ ʪʸʤʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 1 ʤʢʤ, ʩʚʷʟʘʥʥʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʡ ʧʣʸʥʢʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ ʬʘʩʝʪʦʢ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʅʘ ʦʙʨʘʟʮʝ Pt(poly), 

ʦʙʨʘʙʦʪʘʥʥʦʤ ʚ ʢʠʩʣʦʨʦʜʝ ʧʨʠ ʊ = 1400 ʂ ʙʦʣʝʝ ʯʸʪʢʦ ʚʳʜʝʣʷʶʪʩʷ 

ʤʝʞʟʸʨʝʥʥʳʝ ʛʨʘʥʠʮʳ (ʈʠʩ. ʚ, ʛ). ɿʸʨʥʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʤʠʢʨʦʬʘʩʝʪʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʟʸʨʝʥ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ Pt(poly) ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ (10%NH3 ʚ ʚʦʟʜʫʭʝ) ʦʙʥʘʨʫʞʝʥʘ 
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ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʠʜʥʳ ʯʸʪʢʠʝ ʤʝʞʟʸʨʝʥʥʳʝ 

ʛʨʘʥʠʮʳ ʠ ʟʸʨʥʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ (ʈʠʩ. ʜ, ʝ). ʇʦʚʝʨʭʥʦʩʪʴ ʚʩʝʭ ʟʸʨʝʥ 

ʧʦʢʨʳʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʬʘʩʝʪʢʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʨʷʜʘʤʠ. ʌʦʨʤʘ ʬʘʩʝʪʦʢ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 

ʩʦʩʝʜʥʠʭ ʟʸʨʥʘʭ. ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʮʝʩʩ ʬʘʩʝʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ.  

 
ʈʠʩ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʣʴʛʠ Pt(poly), ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ 

ʢʠʩʣʦʨʦʜʝ (21,5%O2, 78,5%He) ʧʨʠ ʊ = 1133 ʂ (ʘ, ʙ) ʠ 1400 ʂ (ʚ, ʛ) ʚ 

ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʠ ʤʠʢʨʦʩʥʠʤʢʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʠ Pt (poly), 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ NH3 (~10%NH3 ʚ 

ʚʦʟʜʫʭʝ) ʧʨʠ T = 1133 K ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ (ʜ, ʝ). ʄʠʢʨʦʩʥʠʤʢʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ-ʦʪʨʘʞʸʥʥʳʭ (ʘ, ʙ, ʚ, ʛ) ʠ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʜ, ʝ) 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʭ300 ʠ ʭ 3 000 


